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CHAPTER I. 
1. The improvement of the art not promoted by men of 


* 


science, —2, General signification of printing. —3. Printing 


h 


in relief,—4, Method of engraving the block.—5, Antiquity of this 
art.—6. Invention of movable type.—7. Use of movable types for 
printing suecessive books or parts of a book.—8. Process of printing. 


po 


—9. Composition. —10, Quadrats. —11, Use of the chase. —1 
Imposing. —18. Reading and correcting,—14. Suecessive operations 
in printing.—15. Inking. —16. Inking-rollers,—17. Stanhope press. 
—18. Printing-machines.—19. General description of them.—20. 
Single printing-machines.—21. Double printing-machines.—22. Per- 
spective view and description of Applegath and Cowper's double 
printing-machine. 
1. Ir is a remarkable fact, that printing, which has so far 
transcended all other arts in the influence it has exerted in the 
advancement of knowledge and the progress of the human raee, 
owes almost nothing to the class devoted professionally to letters 
and the sciences, and on whom it has, nevertheless, bestowed the 
Jargest measure of advantage. 
Larpyer’s Museum or Screxce, 
» No. 181. 
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which they are formed 


| sense, is the name given to all) 
which the same forms or characters are. 
by the impressions of the surface upon 
repeatedly and successively, upon the 
surface to which they are to be transferred. Thus, in calico: 
printing, the same figures are transferred in rapid suceession to 
different pieces of cloth, or to different parts of the same piece, by 
means of blocks or rollers, upon which the figures are produced, 
either in relief or intaglio, that is, either in raised or sunken 
characters. In such cases the blocks, or rollers, are pressed in 
succession on the surface of the cloth to be printed, being however 
previously smeared with colouring matter. In the printing of 
copper or steel engravings, the design is produced by the engraver 
in lines sunk in the surface of the copper or steel by the engraving 
tool. These lines being filled with the printing-ink, and all 
other parts being carefully cleaned, the plate is impressed on the 
paper with an intense pressure by means of a press specially 
adapted to that purpose. The paper being previously moistened, 
absorbs the ink from the lines in which it is deposited, and 
exhibits after the impression a perfect copy of the engraving,— 
the sunken lines of the engraving being represented on the paper 
by corresponding lines in ink. 

8. In wood-engravings, and in ordinary book-printing, the 
original from which the impressions are taken is in relief. A 
model in relief of the page to be printed is formed in metal called 
type-metal, consisting of lead rendered hard by being alloyed 
with a small proportion of antimony. The surface being smeared! 
with the colouring-matter called printing-ink, is impressed upon 
the paper, and a fac-simile of the original relief is thus produced. 


aes ; 
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4, In the earliest and rudest attempts at printing, a manu-. 


seript page was attached to the surface of a block of wood, 
which was carved into relief corresponding with the characters. 
of the manuscript. The impression produced by this means was 
necessarily a fac-simile, more or less accurate, of the manuscript 
itself. 

5. The method of printing by means of blocks of wood, or 
metal, carved in relief, is the earliest example on record of the 
practical use of the art which, in its more improved state, has 
exercised so important an influence upon civilisation, According 
to some antiquarian authorities, the art of producing characters im 
this way may be traced as far back as the building of Babylon. 
‘The characters found upon bricks, taken from the supposed site of 
that city, having been undoubtedly printed by the method here 

sribed. We are in possession of metal stamps, with words 
engraved in relief, which the Romans made use of to mark their 
a : f 
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various articles. If the modern art of aking paper had be 
known in those remote times, it is vedy qeoatterdieg dae 
printing books would have existed at a much earlier date 
that of its actual commencement, for with the same kin 
of stamps precisely, as those by which the Roman. tradesmen 
marked their wares, books might have been printed, and the same 
po hen ct adorned the shields and pateras of ancient 

mes might, by the aid of paper, have spread the intelligence 
Greece and Italy over the Bas , 4 * : 

According to Du Halde and certain missionaries, the art of 
printing from blocks carved in relief was practised in China fifty 
years before the Christian era; and, from the early commercial 
intercourse of the Venetians with that country, there is reason to 
believe that the knowledge of this art, in its application to the 
multiplying of books, was originally derived from thence, for 
Venice is the first place in Europe in which it is recorded to have 
been practised. 

Its first application was to the production of playing cards and 
religious prints, and when the art was first extended to books 
they were printed by carving each page upon a separate block. 
This process of carving the characters in relief, which was probably 
executed by attaching the manuscript to the face of the block 
and engraving from the manuscript, will afford an easy and 
obvious explanation of the diversity of characters found in ancient 
books printed from such blocks, and will explain the great simi- 
larity which exists between books thus printed and manuscripts. 
This similarity was increased by their being printed on one side 
of the paper only, the indentation produced by the impression 
being removed by burnishing the back. Two leaves were then 
pasted together, making such a perfect fac-simile of the manu- 
script, as to require, even at the present day, great discrimination 
and much chemical skill to distinguish such books from real manu- 
scripts ; and as they have no printers’ names, dates, or places affixed 
to them, it is impossible to ascertain by whom, or when, or where 
they were executed. The fabrication of these pseudo-manuseripts 
inyolved the first introduction of the art of printing. : 

6. Movable Types.—About the middle of the fifteen th century 
the art of printing in this rude manner acquired : 
extension; but as each separate work required to have separate 
blocks for each page, and since the blocks for one work were 
altogether useless for another, the printers soon began to feel the 
inconvenience arising from the storage of such numerous collections 
of blocks, to say nothing of the expense of carving them. They 
were, therefore, stimulated to seek for some method less costly 
and cumbrous, by which the models in relief of the pages rT 
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ject by movable types constitutes the most important epoch in 
the history of printing, and is sometimes even regarded, in all 
essential respects, as the invention of printing itself. After it had 
@ some successive improvements, it resolved itself into 
the production of models in relief of the letters of the alphabet, 
formed upon the extremities of small bars of metal, which 
being properly selected and placed in juxtaposition, formed the 
words and letters of a page. Such are the types of the modern 
printer. 

The honour of the invention of movable types has been disputed 
by two cities, Haarlem and Mentz. The claims of Haarlem rest 
chiefly upon a statement of Hadrien Junius, who gave it upon the 
testimony of Cornelius, alleged to be a servant of Lawrence 
Coster, for whom the invention is claimed. The claims of Mentz, 
which appear to be more conclusive, are in favour of Peter 
Scheffer, the assistant and son-in-law of John Faust, better 
known as Dr, Faustus, The first edition of the Speculum humane 
salvationis was printed by Coster at Haarlem, about the year 
1440, and is one of the earliest productions of the press of which 
the printer is known. The celebrated Bible, commonly known as 
the Mentz Bible, without date, is the first important specimen of 
printing with movable metal types. This was executed by Guten- 
berg and Faust, or Fust, as it is sometimes spelt, between the years 
1450 and 1455. The secret of the method then becoming known, 
presses were speedily established in all parts of Europe, so that 
before the year 1500 there were printing-offices in upwards of 
220 different places in Austria, Bavaria, Bohemia, Calabria, the 
Cremonese, Denmark, England, Flanders, France, Franconia, 
Frioul, Geneva, Genoa, Germany, Holland, Hungary, Italy, 
Lombardy, Mecklenberg, Moravia, Naples, the Palatinate, 
Piedmont, Poland, Portugal, Rome, Sardinia, Upper and Lower 
Saxony, Sicily, Silesia, Spain, Suabia, Switzerland, Thessalonica, 
Turkey, Tuscany, the Tyrol, Venice, Verona, Westphalia, 
Wurtemberg, &c. 

This vast and rapid extension of the art, combined with the 
skill which the earlier printers displayed in it, seems to be totally 
incompatible with the date assigned to the invention, and it is 
more probable, that the art having been long practised in private 
under continued attempts at secrecy, it at length broke into 
publicity after it had already attained a considerable degree of 


Py. When the page of a book is formed by properly combining 
4 





PROCESS OF PRINTING —COMPOSITION, 


the types, and a sufficient number of copies of it produced by 
process of printing, the types which pi it are di vat 
separated and used to form other pages of the same or other 
books, Thus, while in the first attempts at printing, each model 
of letter in relief never did any other duty than the printing of 
the very book for which it was formed, the type of each letter in 
printing with movable types is transferred from page to page, 
and is used successively in the printing of an indefinite number of 
pages of the same or different works, 

8. The process of printing, then, consists in a certain sue- 


cession of operations, the first of which is putting together the — 


types so as to form lines and pages ; the second, putting together 
these pages in such a manner, that when impressed upon sheets, 
and the sheets folded, they will succeed each other in the proper 
order, ‘The subsequent operations of folding, stitching, and 
combining these sheets together, so as to form a yolume, is the 
business of the bookbinder, 

9. Gomposition.—The process of putting the types together is 
called composing, and the person who performs this operation is 
called a compositor, He stands before an inclined desk, as shown 
in the view of the composing-room (fig. 1), which is divided into 
a number of compartments of different sizes, A, B, in each of which 
are placed a certain number of types of a particular letter. By 
practice he learns without hesitation to direet his hand to the 
compartment which contains the letter he wants, without removing 
his eye from the manuscript which lies before him. He holds in 


his left hand an instrument called a composing-stick, which is 80 _ 
formed as to receive the types in successive juxtaposition, until | 


the requisite number have been placed to form a complete line, 
after which another line is composed in like manner, and thus 
line after line is composed until a complete page has been formed. 
The spaces between words are made by the insertion of small 
bars called quadrats, similar to those of type, but having no 
letter cast upon their ends, and the spaces between line and line 
are produced by the insertion of thin plates of metal called 


leads, When the lines are considerably separated from one — 


another, they are accordingly said to be ‘ leaded.” When a 
page has eal composed the compositor ties a cord round it, 
called a page-cord, to hold the types of which it consists pro- 
visionally together, and placing it apart, proceeds to form another 
and so on. 

eo. Since every line of the same page must necessarily have the 
same length, whether the types which compose it fill out that 
length or not, any deficient space is filled by quadrats placed at 
the most convenient points between the words, ; 
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In like manner the blank parts of last lin 
sire filled with qiblsela ri og ed 

11, When the pages of one side of a sheet have been thus com- 
posed, they are placed in the divisions of an iron form ¢alled a chase, 
€, D, several of which appear in the view of the composing-room, 
fig. 1. These chases, of course, vary in their form and mode of 
division according to the size and number of the pages which form 
a sheet. We have here supposed the pages which are composed. 
and arranged in the chase to be those which are required to be 
printed on one side of thesheet. A similar number are composed 
and similarly put together in another chase, being those to be 
printed on the other side of the sheet. 

12. Imposing.—-The process of arranging the pages in the 
chase is called ‘‘ imposing.” 

13, Readers and Correctors.—When the pages composing 
each side of the same sheet have been thus “‘ imposed,” and the 
types securely fastened in the chase by proper wedges, the chases are 
brought to a printing-press, which will be presently described, 
where a single impression is taken from them, called the first 
proof, whieh, being properly folded, is taken to a person called 
the ‘‘ reader,” who has always a boy capable of reading the 
manuscript to assist him. While the boy rgads the manuscript, 
the “reader” follows him upon the proof, which he ‘carefully 
examines, and upon which he marks the errors of the compositor. 
The proof is then returned to the compositor, who corrects the 
errors indicated by the reader, and a second impression. is then 
taken with more care, and generally on better paper. This is 
called a clean proof, and is again examined by the reader to 
ascertain whether the compositor has corrected all the errors 
previously indicated; and if there are none uncorrected, the 
proof is then sent to the author. In good printing-offices there are 
few or no press errors found in the author's proof, those corrected 
by him being in general errors which had been overlooked in his 
own manuscript, or corrections of language suggested to him in the 
revision of the sheet. ‘ 

14. After the sheet has received the correction of the author, 
the form to be printed is laid upon a horizontal table, with the 
faces of the types uppermost, and the following operations are 
exceuted :-—Ist. Printing-ink is applied to the faces of the type, 
so evenly that there shall be no blotting or inequalities soe 
printing ; 2nd. The sheet of paper to be printed is laid upon the 
form so as to receive the impression of the type mm its proper 
position, and in the centre of it; Srd. This paper 1s urged na 
the type by a sufficient pressure to enable it to receive the prin %y 

characters, such pressure, however, not being so great as to = 
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the type to penetrate or deface the paper; 4th. The paper is, in 
fine, when thus printed, withdrawn from the type and laid upon 
a table, where the printed sheets are collected. 

15, Inking.—In the old process these operations were per- 
formed by two men, one of whom was « mployed to ink the types, 
and the other to print. The former was armed with two bulky 
inking-balls, consisting of a soft black substance of leather: 
appearance, spherical form, and about twelve inches in diameter. 
He flourished these with dexterity, dabbed them upon a plate 
smeared with ink, and then with both hands applied them to the 
faces of the types until the latter were completely charged with 
ink, This accomplished, the other 
having prepared the sheet of 


functionary—the pressman 





while the type was being 





inked, turned it down upon the I drew it under the press, 
and with a severe pull of the lever gave the necessary pressure by 
which the paper took the impression of the type. A contrary 


motion of the apparatus withdrew the type from under the press, 
and the pressman, removing the paper now printed, deposited it 





upon a table placed near him to receive it, The same series of 
operations was then repeated for producing the impression of another 
sheet and so on. In this manner two men in ordinary k-work 
usually printed at the rate of 250 sheets per hour on one side. 

16, Inking-rollers.—One of the first improvements which 
took place upon this apparatus consisted in the substitution of a 





evlindrical roller for the inking-balls. This roller was mounted 
with handles, so that the man employed to ink th type first 
rolled it upon a flat surface smeared with ink (fig. 2), and haying 
thus charged it, applied it to the type form, upon which he rolled 
it in a similar manner, thus transferring the ink from the roller 
to the faces of the type. The substitution of these inking-rollers 
for the inking-balls constituted one of the most important steps 
in the modern improvement of the art of printing. The rollers 
were composed of a combination of treacle and glue, and closely 
resembled caoutchouc in their appearance and qualities, 

17, Stanhope Press.—The process by which these operations 
were executed, assumed in the course of years a great variety 
of improved forms, and one of the most celebrated and most uni- 
versally adopted having been supplied by the inventive genius 
of Earl Stanhope, has accordingly retained his name, and is 
known as the Stanhope press. This machine, which, resembling all 
other improved presses in its general features, and serving, there- 
fore, as an example of hand-presses in general, is shown in fig, 3. 
The two principal parts of the machine are first, that which pro- 
duces the pressure, and the second, that which supports the paper. 

The former is a massive frame of cast iron, formed in a single 

@ 





Fig. $.—Stanhope Press, 
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which is fixed into 
vertical bars of 
-end a square plate, called the platten, which rises and falls 


formed between two 
frame. This slider has attached to its lower 


according as the screw is turned in the one direction or the other, 
‘The weight of the platten fig. 3, a, and slider, which is considerable, 
’ srpoised by a heavy weight c suspended by a lever behind 
the press, The flat table, called the carriage, upon which the form 
-of types is laid, is moved backwards and forwards by means of a 
winch, which appears in fig. 3. By means of this winch, and 
the rack or band with which it is connected, the carriage with 
‘the type form can be moved by the pressman alternately back- 
wards and forwards, so that it can be brought under the platten, 
and after having received the pressure, can be removed back to 
its first position. The platten is made to impart the pressure by 
means of a lever called the Anee lever, an expedient which is 
much used in the arts in cases where any intense pressure is 
Tequired to be produced through a very limited space. The 
mechanical effect of this species of lever will be understood by a 
weference to fig, 4, where 4» is a metal rod, having a fixed point 
of support 4 on which it works ; 
another bar @ ¢ is jointed to it 
at c, a point intermediate be- 
tween aand n, This barca 
is jointed at ¢ to a plate such 
as Rk, or any other object to 
which it is desired to trans- 
mit any intense force acting 
through a very limited space, 
as, for example, in the present 
case, where the paper is pressed 
upon the type by a plate which 
is driven upon it by a sudden 
and sévere foree. The handle 
B of the lever being i 
the direction of the pa ex- 
I erts a corr 


Pig. 4. 





on the point ¢, which is driven 


in the direction c D perpendicular to AB. This . pric 
solved into two by the parallelogram of mation e-D iene 
¢ 8, and the other in the direction ¢ ¥; the k 


pressure 
“of the joint @ foroing it downwards. As the joint c adverse the 


angle 4 0G becomes more and more obtuse, and the component ¢ 2 


8, one in the direction © 


man 
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of the force acting at », bears a rapid}: increasing y 

the force itself, so that when the all c andc ert ‘nearly 
intoa right line, the pressure exerted at » is augmented at G inan 
almost infinite proportion. pets 

In working the press, the pressman places a sheet of paper to 
be printed upon the frame F, called the tympan, where itis held 
in its place by turning over it the frame «, which is supplied 
with rods or cords corresponding to the spaces between the pages. 
of the form. While the pressman is thus employed, his assistant 
is engaged in inking the types with a roller, as shown in fig, 3. 
When this has been accomplished, the pressman turns down the 
tympan carrying the paper upon the types, and then, by turning 
the handle, moves the carriage with the type form upon it under 
the platten, and applying his hand to the handle above him 
presses the platten down upon the tympan carrying the paper, and 
by means of the knee lever produces a sudden and severe pressure 
by which the paper receives the impression of the type. The 
handle is then moved in a contrary direction, the platten being 
raised from the type form, and by turning the other handle the 
carriage with the type form is removed from under the platten. 
The pressman then raises the tympan from the types, and taking 
the printed sheet off, replaces it by afresh blank sheet, over which 
he turns the frame as before; and while he is performing this 
operation, his assistant is occupied in inking the types, after 
which the same operations are performed, and another sheet is 
printed, and so on, 

18, Printing Machines.—The printing presses which served 
the purposes of publication for some hundred years, during which 
they received no other improvements than such as might be 
regarded merely as modifications in the detail of their mechanism, 
have been almost entirely superseded by engines of vastly inereased 
power and improved principles of construction. Although these 
admirable machines differ one from another in the details of their 
mechanism, according to the circumstances under which they are 
applied, and the power they are expected to exert, they are 
nevertheless characterised by certain common features, = 

19, The form to be printed is laid in the usual manner ' on & 
perfectly horizontal table, with the faces of the types ee 

and upon the same table, in juxtaposition with the form, and 
level with the faces of the b Gamdersinas 0 —s aslab 
upon which a thin and perfectly 8 "pri 

is diffused the table thus carrying the form and inking-slab os 
moved by proper machinery right and left horizontally, with «« 
reciprocating rectilinear motion through a space a little greater 
‘than the length of the form. d P Rattan 38 se 
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Above the form and slab are mounted, also in j uxtaposition, a 
large cylinder or drum, which carries upon it the sheet of paper 
to be printed, and three or four inking-rollers similar to that 
already described. There are also three or four other rollers in 
juxtaposition with the latter, one of which supplies ink to ;the 
others, which severally spread it in a uniform stratum upon the 
slab, The paper-cylinder and the inking and diffusing rollers are 
so mounted, that when the horizontal table, carrying the form 
and inking slab, moves alternately backwards and forwards under 
them, they roll upon it. 

In this way, when the table is moved towards the rollers, the 
form, passing under the inking-rollers right and left, receives 
from them the ink upon the face of the type; and at the same time 
the slab, moving backwards and forwards under the diffusing 
rollers, receives from them, upon its surface, the proper stratum 
of ink to supply the place of that which was taken from it by the 
inking-rollers, 

20, Single Printing Machines.—_\Vhen the table is moved 
alternately towards the other side, the form, with the types 
already inked, passes under the cylinder carrying the paper, the 
motion of which is so regulated as to correspond exactly with the 
rectilinear motion of the table carrying the form. The cylinder 
is urged upon the type with a regulated force, sufficient and not 
more than sufficient, to impress the type upon the paper. 

The sheets of paper are supplied in succession to the cylinder, 
and held evenly upon it by bands of tape while they pass in 
contact with the type. After receiving the impression of the 
type, the tapes which bound them are separated, and the printed 
sheets discharged. 

Such is the general principle of single printing-machines. 

21, Double Printing Machines.—In these the table which 
is moved alternately right and left, carries two forms, one corre- 
sponding to the pages to be printed on one side of the sheet, and 
the other to those to be printed on the other side. There are also 
two inking-slabs, one to the left of the left-hand form, and the 
other to the right of the right-hand form. There are also two 
paper cylinders, and two sets of inking and diffusing-rollers, 
Each sheet of paper to be printed, being held between tapes, as 
already described, is carried successively round the two cylinders, 
being so conducted, in passing from one to the other, that one 
side of it passes in contact with, and is printed by, one form, and 
the opposite side by the other form. The proportion of the 
motions is so nicely regulated, that the impression of each page or 
column made on one side of the paper, corresponds exactly with 


that of the corresponding page or column on the other side, 
30 
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This general description will be more clearl 


di 
reference to the following illustrative diag lai Fs 


Trams ;— 

Fig. 5 illustrates the operation of a single 
A and the inking-slab B, are placed on a horizontal table ; above them is 
the paper-cylinder p, the inking-rollers i ¢ é, the diffusing-rollers ¢¢, and 
the rollers oc, which supply the ink to the diffusing-rollers, The first of 
these, 0, is called the ductor roller. When the table x ¥ is moved towards 
the left, from ¥ to x, the form a passes under the inking-rollers ii i, and 
receives ink from them on the faces of the type ; at the same time the slab 
® passes under the diffusing-rollers ¢c, and receives from them a supply of 
ink to replace what it has just given to the inking-roilers, 


printing-machine, The form 





Fig. 5 





When the table is moved in the contrary direction, from x towards y, the 
form once more passes under the inking-rollers, and afterwards under the 
paper-cylinder, which being pressed upon it, while it moves in exact aceord- 
ance with it, the types discharge upon the paper the ink they have just 
received from the rollers; and the printing of the paper being thus effected 
on one side, the sheet is discharged from the tapes, The table is then 
again moved to the left, and the types are again inked, and the same effects 
ensue as have already been described. 

In this manner sheet after sheet is printed. 

The inking and diffusing-rollers rest upon the slab and 
types by their weight, the axes projecting from their ends being 
inserted in slits formed in upright supports, attached to opposite 
sides of the frame which supports the moving table. The two 
upright pieces in which the axes of each roller are inserted, = 
not placed in exact opposition to each other ; the psig 
which is, that the rollers are placed with their axes slightly 
inclined to the sides of the table. This arrangement Js attended 
with a very important effect: for, in consequence of the ar 
or adhesion of the rollers with the slab, they are moved acage y 
in contrary directions with the longitudinal motion across : 
table. This motion, combined with their rolling motion - 
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slab, aids materially in diffusing the ink in a perfectly uniform 
stratum, ; 

An illustrative diagram of a double printing-machine is shown in fig. 6, 
where D and p’ are the two paper-cylinders; a and a’, the two forms ; 
éiiand ? i, the inking-rollers; ¢ ¢ and ¢ ¢’, the diffusing-rollers ; and 
cand ¢ the ductor-roliers, The pile of paper placed on the table B, is 


Fig. 6. 





supplied sheet by sheet to the tapes between which it is held ; and being 
passed over the roller x, and under the cylinder pv’, it receives the impres- 
sion of the types of the form a’ ; it then passes successively over the roller 
r’, under rT, and round the cylinder at the lower point of which ites 
unprinted side comes into ¢ he types of the form a, by which 
it is printed ; after which, t is thrown out by the cen- 
trifugal force upon the r 

It will be apparent by t 










hile the sheet is printed on one 
side by the form a’, the f ing between the inking-rollers i i /, 
and the slab B; and on the contrary, wl paper is printed on ‘the other 
side by the form a, the form a’ is passing between the inking-rollers i’ i’ i 
and the slab p’. 

In this manner, by each alternate motion from right to left, and 
from left to right, a sheet is printed on both sides. 

22. A perspective view of a double-acting printing machine, as 
constructed by Messrs. Applegath and Cowper, is shown in fig. 7. 

A boy, called the /ayer-on, 8, standing at an elevated desk, 
pushes the paper, sheet by sheet, towards the tapes, which, closing 
upon it, carry it over a roller Rk, passing under which it is carried 
to the right of the cylinder p, under which it passes, and being 
carried up to the left of it, passes successively over the roller 1, 
under the roller 1, over the cylinder p, and drawn along its left 
side, after which it passes under it, and is flung into the hands of 
a boy, F, called the taker-off, seated before a table placed between 
the two cylinders p and p’, upon which he disposes the sheets as 
he receives them. 

In this manner the layer-on feeds the machine in constant 
succession with blank sheets, which, being carried under the 
cylinder D, are printed on one side, and afterwards under the 
cylinder p’, are printed on the other, when they are received by 
the taker-off. 
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Fig. 7.—Applegath and Cowper's Doubie Printing Machine. 





um, 


sal 


memes 


THE PRINTING PRESS, 


The ductor-rollers, ¢ and c’, are kept in revolution by endless 
bands, carried over rollers at the lower parts of the frame, and 
then over grooved wheels fixed on the axes of the eylinders. The 
table carrying the forms and slabs is moved alternately right and 
left by means of a pair of bevelled wheels, w, under the frame, 
and a double rack and pinion above ; one of the bevelled wheels, 
having a horizontal axis, receives motion from a steam-engin« 
or other moving power ; it imparts motion to the other be velled 
wheel, having a vertical axis. This latter axis has a pinion fixed 
at its upper end, which works in a double rack attached to the 
movable type-table, which is so constructed that the continuous 
rotation of the pinion imparts an alternat rectilinear motion 
right and left to the r: sk and to the table attached to it. 

The manner in whi 


the tapes lay hold of and « mduct the 
paper successively round 








upon the table of th taker-off, w 
ference to fig. 8, page 17s. 


c and pare two grooved endless band 


1 towards the 





which pushes the paper ; 
tapes. The two endless tapes, tween which the paper ephoves: 
are represente d in the diagran ~ the continuous and dotted 


lines, and the direction o! m n round the rollers and 


1 by the arrows. It will be 


i Dp hat 
cylinders is represented perceived tha 


opposite the table of the layer-on, the tapes converge, from two 


small rollers d and A, snd come into contact at the top of the 


roller k. The edges of h | 
the table of the layer-on, are caught between the tapes im- 





ets of paper, being advanced from 


mediately above the roller E. 

It must be understood that there are two or three pairs of tapes 
parallel to each other, which correspond to the margins of the 
pages or columns ; but only one pair is shown in the figure. 

The paper being thus seized between the tapes above the roller 
g, is carried sucet ssively, as shown in the figure, still held 
between the tapes, under and over F H I and G, until it arrives at 
i, where the tapes *% parate, that which is indicated by the con- 
tinuous line being carried to the roller a, and that by the dotted 
line, over the roller i, to the roller k. The tapes being thus se- 
parated the printed sheet is discharged at i, upon the table of the 
taker-off ; meanwhile, the tape indicated by the continuous line 
is carried suecessively over the roller a, under 5, under ¢, outside 
d, and is finally returned to the roller x. tut 

In the same manner the tape indicated by the dotted line is 
carried successively under the roller k and m, outside n, over v 
and h, from which it returns to k, where it again joins the other 


tape proceeding from d, 
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23. Tue first machines constructed upon this improved prin- 
ciple for printing newspapers, were erected at the printing office 
of The Times newspaper, and it was announced in that journal, 
on the 28th of November, 1814, that the sheet which was then 
placed in the hands of the reader, was the first printed by steam- 
impelled machinery. 

By this, with some improvements which the apparatus received 
soon afterwards, the effective power of the printing-press was 
augmented in a very high proportion. With the hand-prosses 
previously in use, not more, as we have seen, than 250 sheets 
could be printed on one side in an hour. Each of the two 
machines erected at Zhe Times office produced 1800 impressions 
per hour, 

24, Further Improvement.—The power of the printing- 
machine constructed upon this principle was soon after aug- 
mented, by increasing the number of printing-eylinders to 

Larpyer’s Musnum oF Sorence. e Ww 
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four, the principle of the mact 
same, 





The manner in which this was a complished will be easily 
understood by the aid of the illustratiy diagram, fig. 9, where 1, 
2, 3, and 4, are the printing-cylinder PY r’, are the tabl 
of the four layers-on, and 00 0’ 0’, lead to tl 


takers-off. The cour followed } 

to and from th eylinders, are indicated by 
rollers are in this 
cylinders ; the two type-for r tw wl 
from right to left, 1 tw w they 1 f ] 


right, 


Che printing-cyl 
type and raised from ther pait 
from left to right, tl 
table, the cylinder 
contrary, when it n 
4 are in contact wit! 
By this improven , ' T " 


in 1827, th 


id 





t} 


sat the ¢ : 
which printin } sormuan tart 
It is found ‘ t { tte -_ f x th 
matter appropriated t ft t shall be ready for 
press at an early | , a t hefore the content } 
the other side, in which t . Pestllhatin as Se deiianill 
can be prepared. H t untage of using machine 
adapted to print one sid ly with the most extrez elerity for 
new spapers. 

95, “Times” Printing-machine.—This machi ntir 1{ 
serve the purposes of Zhe Times newspaper until later epoch, 
when again the exigencies of the press exceeded even its immense 
powers, and another appé il was made to the inventive ge nius of 
Mr. Apple gath. It was, in short, neces ury to pr vide 1 ma hin 
by which at least 10000 sheets an hour could be worked off from 
a single form ! 

In considering the means of sc g this problem, it is neces- 
sary to observe, that whatever expt dient may be used, the sheets 
of paper to be printed must be delivered one by one to the 
machine by an attendant. After they once enter the machine 
they are carried through it and printed by self-acting machinery. 
But in the case of sheets so large as those of the newspapers, it is 
18 
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found that they cannot be delivered with the necessary precision MACHETE, 





by manipulation at a more rapid rate than two in five seconds, or Beside the eight paper-cylinders an i 
twenty-five per minute, being at the rate of 1500 sheets per hour. rollers; near these are placed two oder abet : Th cre 
Now, in this manner, to print at the rate of 10000 per hour, rollers receive @ coating of ink from reservoirs laced ad 
would require seven cylinders, to place which so as to be acted 4 
a upon by a type-form moving alternately in a horizontal frame, Lf 7 
in the manner already described, would present insurmountable CO i \ WM 
difficulties. ; A\\\\\ 


In the face of these difficulties, Mr. Applegath, to whom the 
world is indebted for the invention of The Times printing- 
machine, decided on abandoning the reciprocating motion of the 
type-form, arranging the apparatus so as to render the motion 
continuous. This necessarily involved circular motion, and 
accordingly he resolved upon attaching the columns of type to 
the sides of a large drum or cylinder, placed with its axis ver- 
tical, instead of the horizontal frame which had been hitherto ay 
used. A large central drum is erected, capable of being turned 
round its axis. Upon the sides of this drum are placed verti- 
eally the columns of type. These columns, strictly speaking, 
form the sides of a polygon, the centre of which coincides with 
the axis of the drum, but the breadth of the columns is so small a See 
compared with the diameter of the drum, that their surfaces ae ! 
depart very little from the regular eylindrical form. On another CH — 
part of this drum is fixed the inking-table. The circumference 
of this drum in The Times printing-machine measures 200 inches, 
and it is consequently 64 inches in diameter. 

The general form and arrangement of the machine are repre- 
sented in fig. 10, where p is the great central drum which carries 
the type and inking tables. 

This drum in The Times machine is surrounded by eight iy 
eylinders, R, R, &c., also placed with their axes vertical, upon i ? ——— 
which the paper is carried by tapes in the usual manner. Each ‘4 
of these cylinders is connected with the drum by toothed-wheels, 
in such a manner that their surfaces respectively must neces- 
sarily move at exactly the same velocity as the surface of the 
drum. And if we imagine the drum, thus in contact with these 
eight cylinders, to be put in motion, and to make a complete 
reyolution, the type-form will be pressed successively against 
each of the eight eylinders, and if the type were previously 
inked, and each of the eight cylinders supplied with paper, eight 
sheets of paper would be printed in one revolution of the drum, 

Jt remains, therefore, to explain, first, how the type is eight 
times inked in each revolution; and, secondly, how each of . 
; the eight cylinders is supplied with paper to receive their 

impression. 2 
on 







Fig. 10.—‘‘ Times” Printing Machine, 
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i the tapes. 
"he us he explain how the eight cylinders are supplied with 


the revolving drum { 
from them a coating Prgms any misdelivery a sheet is spoilt, and, 4 
“encounters the inking rollers, to which it sill peramanee of the machine is impaired, If, how 
ting. types next, by the continued on P wechin ae were required, the sa 
drum, encounter these inking rollers, and : o i ging its principle, pf 
f recejve from them a coating of ink, after which they meet the te — os the mr ; It would be necessary that the 
ie paper-cylinders, upon which they are impressed, and the printing a sg surrounded with a greater number of printing 
‘ is completed. It may be right to observe, that the cylinders = 
‘i i i rl ; » and rollers 
. | _ Thus in a single revolution of the great eenteal drum re not uniformly distributed round the pate drum ; hee 
A inking-table receives a supply eight times successively from the 80 arranged as to leave on one side of that d ' 
ot ductor-rollers, and delivers over that supply eight times succes- equal to the width of the type form. ‘This fn Bi. epean pn 
; if sively to the inking rollers, whieh, in their turn, deliver it eight to give access to the type ae es ra adjust it, RORSRARY fn 
i ik times successively to the faces of the type, from which it is con- One of the practical difficulties which Mr. Applegath had to 
. ; veyed finally to the eight sheets of paper held upon the eight encounter in the solution of the problem, which he has so success- 
i 


| 
fully effected, arose from the shock produced to the machinery by | 
reversing the motion of the horizontal frame, which, in the old 
machine, carried the type-form and inking-table, a moying mass 


paper. Over each of them is erected a sloping desk, A, h, &c., 


i 
nae Portes a 





ud upon which a stock of unprinted paper is deposited. Beside this } which weighed twenty-five hundred weight. This frame had a 

4 t ‘desk stands the layer-on, who pushes forward the’ paper, sheet motion of 88 inches in each direction, and it was found that 

i 3 by sheet, towards the tapes. ‘ 4 such a weight could not be driven through such a space with 

i ; These tapes, seizing upon it, first draw it down in a vertical safety, at a greater rate than about forty - five strokes per 
a direction between tapes in the eight vertical frames, until its minute, which limited its maximum producing power to 5000 | 
4 ' , correspond with the position of the form of type on the ’ sheets per hour. ; u § : | 
ae ie ting-cylinder. Arrived at this position, its downward motion Another difficulty in the construction of this vast piece of | 
ce i is stopped by a self-acting apparatus provided in the machine, machinery was so to regulate the Self-acting mechanism that the ¢ 
{ ths and’ it is then impelled by vertical rollers towards the printing impression of the type-form should aluay s be made in the centre ; 
eS cylinder, these rollers having upon them marginal tapes which of the page, and so that the space upon the paper occupied by the ; 
Lm | carry the paper round the cylinder, from which it receives the printed matter on one side may coincide exactly with that oceu- | 
: + EE: ra ion of the types. After this the central and lower marginal pied by the printed matter on the other side. e 
a tapes dismiss the sheet of paper, which the upper ones only become as a Pr thames rigeeriy 6 poser re —- 

charged with, wait TS Pw in re _ rga r cagh cio with it of course at exactly the same rate. Now, if by any error 

off See aie acon mang henciben bis pao These in the delivery or motion of a sheet of paper, it arrive at the 


printing-cylinder 1-80th part of a second too soon or too late, the 
relative position of the columns will vary by 1-S0th part of 80 
inehes—that is to say, by one inch, In that case the edge of the 
printed matter on one side would be an inch nearer to the edge of 


movements are continually repeated ; the moment that one sheet 
from the hands of the layer-on, he supplies another, and 
in this manner he delivers to the. machine - “. average rate of) 
two sheets every five seconds; and the same delivery taking place wis teen: ten. Shamiileaatilal | 
at each of the eight cylinders, there are sixteen sheets delivered Oe is an incident which rarely happens, but when it does, a | 
and printed every five seconds, = . sheet, of course, is Spoilt. In fact, the waste from that cause is 
It is found that by this machine in ordinary work between 1 considerably less in the present vertical machine than in the | 
10000 and 11000 per hour can be printed ; but with very expert. } former less powerful horizontal one. qe 
men to deliver the sheets, a still greater speed can be attained. ! The vertical position of the inking-rollers, in which the type is 
Indeed the velocity is limited, not by any conditions affecting é only touched on its extreme surface, is more conducive ee 
the machine, but by the power’ of the men to deliver the sheets goodness of the work than the horizontal machine, ~~ e 
to it. ’ : 
9 
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vit . MARINONI'S PRINTING MACHINE, 
inking-rollers act by gravity; also any dust shaken out of the 
a which formerly was deposited upon the inking-rollers, now a7 4 
ls upon the floor. . 


With this machine 50000 impressions have been taken without 
stopping to brush the form or table. 

26, Marinoni’s Newspaper Printing-press.— \lessrs, Marinoni 
and Co., of Paris, have, within the last few years, constructed 
improved printing presses for newspapers of large circulation, 
several of which have been erected and brought into operation in 
the printing-office of the Paris journal Za Presse, This printing- 
machine, which is capable of working off 6000 copies per hour, 
printed on both sides of the paper, is represented in fig. 11. It 
will be perceived that eight men are employed in the process, four 
layers-on and four takers-off. ‘Lhe machine is double, the parts 
at each side of a vertical line drawn through the axis of the fly- 
wheel being perfectly similar, The manner in which the sheets 
pass to and from the printing-rollers will be more readily under- 
stood by fig. 12, where 4 is the upper and 4’ the lower delivering- 
board, and » the upper and w’ the lower receiving-board on the 





; 
rf right, the two delivering and receiving-boards on the left being 
similarly placed. The motion of the sheets, as they are conducted 
j to and from the rollers by the tapes, is indicated by arrows, and 
: the course followed by each sheet from the moment it leaves the 
é delivering-board until it arrives at the receiving-board, is indi- 
i cated by the numbers 1, 2, :? &e. Thus, the sheet delivered 
from the board a is taken by the tapes which pass round the 
\ roller w, aud carried from 1 to 2. Arriving at the lower roller, it 
5 passes, as shown by the arrow, between the rollers, 3, and is 
tf carried from 4 under the printing-roller 1, where it is printed on 
> i one side, after which it is carried up between the tapes to 5, from 
tf whence it is discharged between the tapes of 6, and carried up 

t 


over the roller x at 7, from which it is carried down between the 
tapes 8, and thrown, as shown by the arrow, to the tapes 9, by 
which it is again carried under the roller and printed on the other 
side; after which it is carried up successively between the tapes 
10 and 11 to 12, and finally discharged from 13 at 14 upon the 
receiving-board B. 

The sheet delivered from the lower receiving-board 4’, follows 
a course precisely similar, entering at 1’ and passing round the 
printing-roller at 2’ 3’, from which it passes between the tapes 4/ 
round the roller r’ at 5’ 6’, and thence from the tapes 7’ 8’ round 


Treen! Ts! 


Ahad nemo 
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j - the printing-roller Vat 9’, by which it is printed on the other 

+4 side ; after which it is carried by 1{Y, 11’, 12’ to the lower receiving- 

it board BY at 13’. 

i f The inking-rollers are shown at £ P D and p’, and are arranged 
oe 24 





26 


THE 


PRINTING 


¥ 
r 


PRESS, 





MARINONT'S PRINTING MACHINE. 


in the usual manner, at T, 7, 7", 7” 
the ty pes 


ind ee a et 
a : ooo eae that 2 he Times prints 12000 

) y, wh 3 prints 6000 on both sides. The 
| seight layers-on and eight takers-off, being 
r required by Marinoni’s press. It must, how- 
erved that, in the practical management of newspaper 
printing, as conducted in Zhe Times office, the power of Marinoni’s 
press, though in a certain sens equal to that of The Times, would 
| iltogether insufficient: for it 


, and t"", to spread the ink on 





indispensably necessary for 
hat journal to print 60000 copies on one side of the paper during 
the last five hours of the morning. The matter allotted to the 
ther side of the paper is so selected that it can be composed and 
ler part of the night, or even of the previous 
iy; the pr ire falling exclusive ly on the matter which oecupies 
le of t paper, consisting chic tly of the latest intelli- 


ind Par] entary reports, 
It may b l, therefore, how the journal of La Presse, of 
which the eireulation, though inferior to that of The Times, is 


till very large, ean be printed with the necessary celerity? The 

wer is, that Za Presse does not contain as much as the tenth 
part of the letter-press of a copy of The Times, and that therefore, 
t practicable to compose the matter in type twice or 





yitener, 80 as to ] roduce two or more distinet Jorms, as they are 
illed, which are put to work at as many different presses. The 
expense of composition is further economised at the printing office 
of ha Presse ry at reotyping the matter, which is composed at a 
ufficiently early how to admit of that process, the stereotype 
plates being melted down the next day. By this expedient double 
or triple composition is only necess ury for the intelligence which 
ome too late to allow of being stereotype d. 

27. Marinoni’s Book-printing Machine.—A convenient form 
of printing-engine for books, constructed by the same engineers, 
is shown in fig. 13, by which, however, the sheets are printed 
on one side only, The layer-on delivers the sheets upon the 
board » (fig. 14), from which they pass round the printing 
roller 1, and are discharged as indicated by the arrow upon the 
receiving-board x. The rollers for delivering and spreading the 
ink on the types are arranged in the usual vie go % 

28. Newspapers.—Of all the applications of printing to the 
uses of life, that which has conduced most to the advancement and 
improvement of the art has been the printing of =e 
These organs of public opinion and intelligence combine the _ 
ditions which require from the printing press the greatest con- 
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inder | 
what 1 I 
tat 


mprovement in 
the machinery of 


printing, whiel 


the exigencies of 
journalism have 
thu prod iB 


have themselves 
reacted on 

nalism in the 
most surprising 
manner, so that 
the feats of art 
now accomplish- 
ed in the esta- 
blishment of the 
London daily pa- 
pers, justly excite 
the admiration 
and the wonder 
of all well-in- 
formed persons. 
These newspapers 
are remarkable 
for the yast mass 
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all public bodies. ‘These results are obtained by an enormous ex- 
penditure of money and a minute and judicious division of labour, 
A corps of able and intelligent reporters is maintained, whose duty 
it is to attend the Houses of Parliament, the Courts of Law, Police 
’ Offices, and all public meetings. These relieve each other at short 
intervals of from half to three-quarters of an hour, when they return 
successively to the office of the journal and there write out in long- 
hand the substance of their short-hand notes. These are imme- 
diately delivered over to the compositor, who proceeds to set them 
upin type, and when a column has thus been composed it is handed 
over to the reader, after receiving whose correction it is returned to 
the compositor, who introduces the corrections into the columns of 


A proof being taken it is laid before the editor who decides 
te 1 part 





Oe RF 


part of the paper it is to occupy, and whether it may need 

ion or abridgment. It happens thus in the case of long 

debates, and sometimes in the case of long speeches, that a part 

will be actually set up in type and printed in proof before the 
remainder has been yet spoken. 

29, Reporters.—In appreciating the functions of reporters, it 
is a great though very common mistake, to suppose that their duty 
consists merely in reproducing verbally the speeches delivered, 
If this were to be done no journal, however great its magnitude, 
would be sufficient to contain even a small fraction of the matter 
reported. The reports are therefore necessarily abridgments, with 
the exception of certain passages of striking importance, oceurring 
— y in wrt — shy = eminent public men, and 

can alwa e reports 
first person instead of the thind, be theron hag 


him to supply the lacuns, so that when he arri 
the journal he is enabled to write out a © ied Bbepbame Se 


what he has heard. It is in this admirable eee Peport of 


: © capacity for judicious 
abridgment that the skill of the reporte 
tie ielineniar se ta ake 4 T, and more especially of 


be ead ee ce ale 
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reporters are a peculiar class requiring special qualific 
are generally barristers who love yet A ora 
practice to occupy their time. Police reporters form another 
distinct and peculiar class, who supply that part of the journals 
to which are consigned the proceedings of the police offices, 

In fine, there is anothet class of agents for the supply of 
general intelligence, whose business it is to collect informa’ tion on 
all subjects in all parts of the town. . 

30. The Court Newsman is not to be overlooked, This per- 
sonage supplies daily to all the journals, those paragraphs in which 
are found recorded the movements of the Sovereign and the Royal 
Family ; who was invited to dinner at Windsor or Buckingham 
Palace ; what music was performed at and after dinner, and by 
what band, and so forth, The same functionary is entrusted to 
supply accounts of the various parties and entertainments given by 
the aristocracy. 

31, Foreign Correspondents.—Among the staff of daily 
London journals the foreign correspondent holds a conspicuous 
place. ‘The principal journals maintain such a correspondent in 
all the principal foreign capitals, and, in case of war, such a cor- 
respondent accompanies the army and the fleet. The foreign cor- 
respondents maintained in the principal European capitals usually 
keep bureaux, and have assistants, who collect news and supply 
reports. A despatch is forwarded to London always once, and 
often twice, a day, the telegraph being resorted to when news of 
considerable importance is required to be transmitted with more 
promptitude. 

32, The rapidity with which the circulation in newspapers has 
increased in the United Kingdom during the last century, but 
more especially during the latter half of it, may be judged from 
the following facts, 

In the annexed table is given the total number of newspapers 
circulated in this country during the years expressed in the first 
column ;— 













Number 
“Years. | — circulated. 


1751 | 7412575 


1801 16,085085 173450 
1821 24, 862186 438855 
1831 35, 198160 1,033597 
1841 59936897 2.473873 
1849 78,792934 | 24357005 





Thus it appears, that while the average annual inerease of the 


circulation of journals, in the latter half of the tet tule 
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was limited to 173000, the average increase during the first 
twenty years of the present century was 439000; the next ten 
years this rate of increase was more than doubled, and in the 
succeeding period it was augmented in a sixfold ratio. The 
total circulation in 1849 was more than ten times the circulation 
in 1751. ; 

By comparing the circulation of journals with the population, 
an estimate, may be obtained, if not of the diffusion of know- 
ledge in general, at least of that deseription of information of 
which journalism is the vehicle. In the following table are 
given the amount of the population at the epochs above men- 
tioned, and the number of journals circulated per head of the 


. population. 





Numb f 
Number o' 
Population. journals per head. 


eta 








; 6.377574 m 
os, 10, 942646 rs i 
LS ar 14, 391631 yz | 
7 at 16, $39318 at | Wie. Wiaiaavinin aithednte 
. iy } 1841 18, 720394 373 | g. Jl. BASALTIC CAUSEWAY OF THE RIVER VOLANT. (DEP. ARDECHE, FRANCE.) 
4 ¢ \ ' . . < Bias 
o hi Thus, relatively to the population, the circulation of journals ps . 
ae ent he —— proportion in 184], as compared with THE CRUST OF THE EARTH 
a ; , and ina threefold ratio as compared with 1751, Takin > FIRST NOTIONS OF G - 
i : the population of Great Britain in round numbers in 1849, re OF, FIRST NOTIONS OF oe 
ot ih: ratio of journals to the populations would be 4 to 1, being an " 
4 increase in the same ratio on the circulation in 1751. CHAPTER I. 
yt So far, therefore, as the circulation of journals can be regarded 
a as an exponent of the diffusion of knowledge, & greater amount 1, The earth, a subject of long-continued observation and investigation. — 
} of general information prevails now than preyailed 2. Mathematical geography.—3. Physical geography.—4. Phenomena 
at Cy ae fam P a century ago of the oceans and seas included in it.—5, Hydrology, meteorology, 
t z 4 propo . and climatology.—6. Political geography. —7. General subject of 
, Bh ; Since the dates of these returns, a vast change has been made geography.—8. Geology.—9. Original fluidity of the earth inferred 
' 1 ae in the circulation of journals, by the abolition of the ne from its spheroidal form.-—10. This form ascertained by observation 
! i stamp and reduction of the advertisement dut LB wspaper and measurement.——11. The solid crust was formed while the earth was 
Bi) es | ite f th “ avy. efore the in a state of rotation.—12. Increase of temperature from surface down- 
i pe abolition of the stamp, the amount of the daily oj ; << ttines ee 7 
44 . e daily circulation of wards,—138, Within the crust the earth still in a state of fusion,—14. 
i : each journal was known by the Stamp-office returns, The Subject of geology.—15. How the structure of the ernst to a great depth 
em oa average daily circulation of The Times was then about 40000 ‘i is rendered manifest.—16, Section of the crust where no disturbance 
i | about double the aggregate circulation of all th h 7 OF , has taken place—strata occur in a fixed order,—17. Rocks in their 
a he journ Sid, Bicive thie abolition of the eke ante ot ra Pca om pe sense,-—18, Their classification in five principal divisions, — 
a * : y, and the conse- 9. Lowest bed, being the foundation of the crust, consists of igneous 
bei | quent reduction of the price of the journals, a conside oe rocks produced by wlio vapnitiatal costing of the molten materials of the 
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Secondary rocks.—39. Vast quantity of organic a 
them.—40. Tertiary rocks, — 41. Diluvium, all ary ot ae 
soil.—42. Subdivision of these principal eee fs 8. 
General ueatece ot to the sensor and age yh pies ar 
; constitute a chronological scale. 
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defects of geological 


+ eanno' r of surprise that of all the great bodies of 

a eat enn which has been assigned by the Creator as 
the habitation of the human race, has received the largest share 
f attention on the part of those who have devoted their faculties 

. the observation and investigation of nature. Regarded in 
cites points of view it has formed the exclusive subject of 

ral branch ience. ; 
7" Taken ray pon mass, and considered in relation to the 
other bodies of the solar system, it constitutes the subject of 
MATHEMATICAL GROGRAPHY, which includes the solution of such 
problems as the determination of the magnitude of the earth— 
its exact form—its relation to the other bodies of the solar system 
—its annual motion round the sun which produces the apparent 
movement of that luminary through the signs of the Zodiac—its 
diurnal rotation which produces those apparent motions of the 
firmament which cause the vicissitudes of day and night—the 
peculiar position of its axis which produces the succession of 
seasons—the division of the globe into zones and climates, and 
the system of imaginary circles of latitude and longitude which 
supply the means of expressing the position of all places on the 
globe, relatively to each other, and to the equator and poles. 

3. The earth, viewed in regard to the various physical states of 
its surface, constitutes the subject-of puysicaL GEOGRAPHY, 
which includes a description of the distribution of land and 
water—the extent and configuration of continents and islands— 
the elevation and prevailing direction of mountain chains—the 
form, extent, and direction of plains and valleys—the general 
altitude of the surface of the land above the common level of the 
sea—the effects of soil and climate, and the local distribution of 
animal and vegetable productions. 

4, This division of geographical science also includes the 






yarious phenomena of the ocean and seas, their depth, salt- 

ie and temperature, the prevailing direction and velocity of 
 ggean currents, the extent of the polar ice and circumstances 
ice nef fe Sy ea fe baa Sor thd 
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SUBDIVISIONS OP GEOGRAPHY” 

5. The subdivisions of physical geoptdghy® ane’ enuue 
= HYDROLOGY, which i es all that relates 44 
ocean Seas; METEOROLOGY, which in s the inveetio. 
of atmospheric phenomena; and comueercer, ana aa 
the consideration of the mean temperature of different a 
the sp oe line above which there is perpetual snow, the. 
preva winds, the barometric pr ; ‘ity 
rain, ee on, oa aaey - 
‘ 6. The earth, considered as the abode of mankind, distributed 
into different nations and placed under different forms of govern- 
ment, constitutes the subject of POLITICAL GEOGRAPHY, which’ 
therefore includes the consideration of the moral and social con- 
dition of ee peoples, their ‘language, religion, forms of 
government, and civilisation, and the ulation 
local relations of different countries. as ee 

7. It appears, therefore, that these several divisions of geo- 

graphical science are limited to the appearances and phenomena’ 
developed upon the surface of the earth, in the waters which par- 
tially cover it, and in the atmosphere by which it is surrounded. 

8. Another, and not less important department of science con- 
cerning the earth, relates to the condition and structuré of those 
parts of the globe which lie between its surface and its centre, and 
which constitute the subject of croLoay, 

9. In mathematical geography and astronomy, certain physical 
circumstances attending the interior of the earth have been 
developed. Thus it is proved that the density of the globe 
gradually increases from the surface to the centre; and from its 
peculiar form it is inferred that, at the epoch of its formation, 
the materials composing it must have been ina fluid state, It 
has been already shown in our Tract on the “Earth,” that the 
form of the globe is what in geometry is called an oblate spheroid, 
a figure somewhat resembling an orange or a turnip. By reason 
of this figure, the earth is flattened at the poles and bulged out at 
the equator. Now it is proved in mathematical physics that if a 
fluid globe have a motion of rotation on one of its diameters as 
an axis, the centrifugal force of the matter composing it will cause 
it to bulge out at the equator and to flatten at the poles, so that all 
sections of it made by planes passing through the axis are é eS 

and the degree of the elliptic form of these sections Will be so. 

much the greater as the velocity of rotation is more rapid ; and so 

closely connected is this degree of ellipticity with the been hdl 

rotation, that mathematicians are able to assign the exact form 

of the elliptic section which must correspond to each particular 

velocity of rotation. qr 
10, Before the exact form of the earth had been —* 
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 “gHE CRUST OF THE EARTH. 


direct observation and measurement, mathematicians had already 
ascertained by computation what ought to be its form consequent 
upon its rotation upon its polar axis, and the time in which it is 
actually known to rotate, and the result of their computations was 
afterwards found to agree with the utmost possible numerical 
precision with the actual form which the earth was proved to have 


INTERNAL FLUIDITY OP THE BARTH, 


- 


; lobe 
spherical shell, changod eee, 
may naturally be asked how it 4 


ted on a fluid so mobile can maintain that 


It is no rhetorical ex. i 
aggerati 
stupendous, but very thin ae 


and if such be the case it 
that so thin a crust suppor 


Fig. 1, 





by immediate observation and measurement. lady 
11. It is therefore inferred from this that the earth, in its 
original state, and before it assumed its present condition, was a 
fluid mass, and that while in this fluid state, it received the 
diurnal rotation by which it is now affected, and whieh produces 
the vicissitudes of day and night. It was, therefore, after having 
assumed this spheroidal form, that its superficial parts hardened 





if a and solidified, and after undergoing a certain succession of changes 
iy ‘f assimed their present condition, 

Oe 12. It has been also shown in our Tracts on ‘‘ Terrestrial Heat,” 
By te§ and on ‘Earthquakes and Volcanoes,” that when we penetrate 


into the crust of the earth by mines, boring, or other artificial 
means, the temperature is found to undergo a gradual and regular 
augmentation, and this augmentation being continuous, so far as 
direct observation has been carried, may be assumed by analogy 
to increase to a still greater depth in the same proportion—a con- 
clusion which also is verified by the phenomenon of hot springs 
rising from a considerable depth, and by various voleanic effeets. 
Assuming this gradual increase of temperature to go on indefinitely 
in descending towards the centre, it has been shown that at a 
certain depth the temperature must be such that even the most 
refractory constituents of the globe would be reduced by it to a 
state of fusion. 

13. The increase of temperature being at the rate of about a 
hundred thermometric degrees per mile, it would follow that at 
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the depth of about 40 miles, or about the 100th part of the entire 
distance from the surface to the centre, we should arrive at a 
temperature of 4000°, at which it is quite certain that no part of 
the matter composing the earth could remain solid. It is therefore 
inferred, without the necessity for extreme numerical precision 
that the earth is a spherical shell, the superficial part only being 
solid—all the central part being in a state of igneous fusion—the 
thickness of the solid crust being, as just stated, about the 200th 

of the entire diameter. A section of it would be such as is 
=. ogee “ fig. 1. i 

Tf, therefore, as we have already stated in 

«‘ Earthquakes and yeapreelh the a of a fowl be i cme 

esent the earth, its shell would be much ink to ver 
ne sch too thick to represent 

36 


general state of stability which characterises it so strongly, that it 
is referred to in times ancient and modern as the type of all that 
is most solid and most durable. An answer to this reasonable 
question will be collected from all we shall haye to explain in the 
present Tract.” ; 

14, The investigation of the structure and condition of this 
solid crust of the terrestrial spheroid, extending from the fluid 


* According to Mr. Hopkins, the thickness of the crust is subject to 
much local variation, being very unequal on its inner surface. He con- 
siders that it is probably cavernous, and that masses of fluid mineral 
matter may be distributed through its cavities. According to him the 
thickness in some parts may be as great as 800 or 1000 miles, See 
Memoirs on the State of the Interior of the Earth, in the Philosophical 
Transactions from 1839 to 1842, 
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- ‘as compared with its diameter, its absolute thickness being at least 
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from 30 to 40 miles, and that this very far exceeds any depth 
ok as to direct observation, it might be imagined 
that all attempts at an analysis of its structure would be vain 
avd futile, A circumstance nevertheless which at first view 
would seem to throw difficulties insurmountable in the way of the 
solution of this problem has, on the contrary, happily facilitated 
it. This circumstance consists in certain local irregularities in 
actual state of the solid crust. What man could not do, the 
accidental effects of internal forces has done for him, The solid 
crust has been locally disrupted, so that its section in some cases 
for many miles of depth has been turned upwards and exposed 
to direct observation. It will be sufficient here to allude briefly 
to this as-one of the principal means, by which the structure of 
estrial crust has been ascertained. The point will be more 
16, To explain the condition and structure of the terrestrial 
crust, we will suppose in the first instance a part of the earth’s 
surface to be selected, which throughout a considerable extent is 
and level, and which has been subject to no derangement 
of structure by internal convulsion, so that the materials which 
form it, extending from the surface to the internal igneous fluid on 
whieh it rests, have remained in their normal and original order 
and state: If we imagine a vertical section of the crust in such a 
situation to be made extending indefinitely downwards, it will be 
found to consist of a series of strata superposed in a certain fixed 
order, each stratum, taken in suceession, consisting generally of 
the same constituents in the same state, 
17. Lhe matter composing these strata is called by geologists 
Rocks, a term used in this science in a sense somewhat different 
from its common popular signification. Rocks in the geological 
‘sense does not necessarily imply masses of stone. It signifies any 
eration whatever of matter which may be found to enter 
into the composition of the crust of the earth. In this sense clay 
and sand come under the name of rocks as well as granite and 
‘ble. inti 
a. Taking then the term rocks in this extended sense, the 


- guecessive strata composing the shell of the earth is. 
consist of different layers of rock, each layer being Aesth. t0 
py rocks existing in a peculiar state of aggregation. = 
“The strata thus superposed, and extending from th 
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- They have, however, 
proceeding upwards. 
1° The igneous rocks. ile ing 
2° The transition or metamorphic rocks, Cy 
3° The secondary rocks, , 
4 The tertiary rocks, ry 
5° The diluvial and alluvial layers of matter upon which the 
superficial soil is spread. 
We shall first briefly notice these five great layers, each of 
which, however, as will hereafter appear, consists of numerous — 
subordinate courses or strata. , 
19. The lowest or fundamental layer, called igneous rocks, 
consists exclusively of agglomerations of mineral masses in a 
State of crystallisation. This is the condition which matter 
would necessarily assume, and which it could only aequire by 
having been gradually cooled and solidified, after being brought 
to a state of fusion by a great elevation of temperature, Under 
such circumstances its chemical constituents would group them- 
selves according to their mutual affinities, and would assume the 
various crystallised forms proper to them. After cooling and 
solidifying, the materials would present the appearance of an 
agglomeration of crystals thrown arbitrarily together and without 
regularity or order. Now this being exactly the appearance pre- 
sented by the rocks which form the foundation of the crust of 
the globe, it is inferred that they were originally in a state of 
igneous fusion, and that by the gradual loss of heat by radiation, 
they were superficially cooled and soliditied. ‘The parts of the 
primitive rocks which have been brought under the observation 
of geologists are considered as forming the external parts of this 
solid layer. “ 
These rocks are from circumstances here explained often 
denominated PLUTONIC or IGNEOUS ROCKS, Or ROCKS OF IGNEOUS 
ORTGIN. : cee 
20. Those primitive layers, which may be regarded as the 
original materials of which the entire erust of the globe is formed, 
consist chiefly of that rock familiar to all observers of mountainous 
countries called Graxrrr, the most imperishable of all a 
therefore the most precious for the purposes of construction. Th 
granite is mixed in the fundamental layer in smaller proportions 
with the minerals called AMPHTBOLE, PYROXENE, and PERIDOTE. 


21. Granite is an eaten se ‘the erysta a 
minerals, called renpspar, mica, and quartz, Fel satiny 
soft grey part of the granite, which is easily — 
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present 
uanti vertheless a very striking appearance, render- 
ce amedain, eream-coloured, or red, according to their 


Mica is the shining glossy particles of the stone, ree a 
light like bits of glass or metal. The name is _— : 
“yrcans,” glittering. Mica may be seen in many other stones, 
ceonneagacr appears in granite in the form of white crystals, 
is the substance known as SILEX or sILica, or the RARTH OF 
rirnts, and is one of the hardest and most abundant of — 
substances, entering largely into the composition of many other 
mineral masses. It is from this constituent, chiefly, that granite 
— e ow k K CRYSTAL. 

ilica i iliarly known as ROCK € AL. 

22. ons rte Oe that the several materials of which 
the igneous rocks are thus composed, are not combined together 
chemically. They are not combined for example in the same 
manner as are sulphur and oxygen, when these constituents pro- 
duce vitriol. They are on the contrary merely agglomerated and 
brought into mechanical juxtaposition, forming a solid mass by 
the mere cohesion of crystal to crystal, so that by the action of 
mechanical foree it would be possible to resolve the rock into its 
component parts. ; 

23. Each of these constituents is, however, itself a compound. 
Thus feldspar is a compound of the silicates of several chemical 
substances, such as alumina, lime, and potash, or soda—that is, it 
is a combination of these severally with silicic acid. 

Mica is composed of like silicates, with the addition of silicate 
of iron. 

Quartz is in fact silicic acid itself. It will appear, then, from 
this statement, how important a part silex, or earth of flints, 
plays in the formation of the globe. 

24. If the constituents of the igneous rocks were combined, 
one with another, chemically, instead of being mechanically 
juxta-posed, they would, according to a general law of nature, 
always be found to prevail in the same rocks in one invariable 
numerical. proportion; but being, as explained above, merely 
agglomerated by cohesion, without any chemical union, they may 
exist in any proportion whatever, and hence have arisen a cor- 

¢ variety of granites. In some i the 

and mica are altogether absent, and then the granite, eo re ts 

of feldspar only, in the pasty and crystallised state, takes the 
name of PORPHYRY. Robe abate: 
40 








CONSTITUENTS OF GRANITE, 


In other speci the of. 
oa Specimens, the proportion of feldspar 
GRANITE, Ay ewe i nshe 

25. In general, the little laminw of mica ibvuted ire. 
gularly through the granite, their faces belay ena 
conceivable directions. In certain specimens, however, they are 
observed to be placed parallel to each other, so as to give the rock 
a lamellated, slaty, or schistous texture, The granite, in such 
cases, takes the name of anxrss, from the Danish gnister.” 

26. Having thus briefly described the composition and condition 
of the fundamental layer of matter, upon which the solid shell of 
the earth is based, and indicated the circumstances and characters 
which are evidence of its igneous origin, we shall now proceed to 
explain the condition and character of the superineumbent strata, 
which, as will presently appear, have had an origin of a very 
different kind, and dates of incomparably more recent formation, 

27. The strata which rest immediately upon the igneous rocks 
have been denominated transrrron or METAMORPHIC, inasmuch 
as they partake partly of the character of the igneous rocks, and 
partly of that of the rocks incumbent upon them. They partake, 
in certain instances, of so much of the former and so little of the 
latter, that in the earlier epochs of geological research, they were 
classed with the igneous rocks, from which, nevertheless, they are 
distinguished by sufficiently evident marks of incipient strati- 
fication, 

28. It has been explained that the materials composing the 
igneous rocks are confusedly and irregularly agglomerated with- 
out the least appearance of even an approach to any regularity 
of structure, and it has been shown, that this is at once the con- 
sequence and evidence of their igneous origin. Such, however, 
is not the character of the superincumbent rocks, The materials 
of which these are severally composed are found to be distributed, 
one over another, in regular layers, bounded by parallel and 
horizontal surfaces, resembling the courses of masonry. Now 
such a distribution never could have resulted if these, like the 
primary rocks, had, previously to their formation, been in a state 

of fusion. ¥ K 

29. Such an arrangement, on the other hand, is precisely that 
which would ensue, if the materials, composing the strata, having 
been mixed with, and suspended in water, had, after the fluid 
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In such a case, the matter thus subsiding would be te 
a regular series of layers, one chore May ia 


parallel surfaces, The lowest layer would be deg 
heaviest part of the matter held in suspension re 


of mica and quartz small, the rock i oe 
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derous matter, and then another lighter still, and thus layer’ 


upon layer would be deposited until the whole of the suspended 
matter would have subsided. 

Tf from any cause after this, subsidence the water retired, the 
ground forming its bottom would be left bare, and the dry land 
would, if it were excavated, be found to consist of the succession 
of strata here described. 

Now if the actual layers composing the successive strata, which 
are superincumbent on the igneous rocks, did really in their 
origin proceed from such a cause, it might be expected that they 
would succeed each other in the order here indicated, those most 
apt to subside holding the lower position, and such accordingly is 
found to be the case. 

30, In accordance with these results of observation on the 
strata forming the crust of the earth, and with concurrent 
evidence deduced from other appearances, it has been inferred, 
with a degree of probability amounting to moral certainty, that 
the ‘stratification has resulted from such a series of physical 
causes as those above ‘described. Each stratum consisting of a 
series of parallel layers is assumed to have been a sedimentary 
deposit precipitated from water, by which the surface of the solid 
part of the globe has been at former epochs covered, and that 
these waters having become quiescent before retiring, the matter 
suspended in them was deposited in layers having more or less 
regularity, their surfaces being parallel and level, or nearly so, 

31, Among the many collateral circumstances which corro- 
borate these conclusions may be mentioned two, 

First, the frequent occurrence in the bounding surface of the 
layers of the form of the ripple of water, as it is observed in the 
sands of the sea shore after the fall of the tide has laid them bare. 

An example of such traces left upon the beds of carboniferous 
limestone and Portland-stone, in the neighbourhood of Boulogne, 
is shown in fig. 2. 
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‘Secondly, by the remains of various aquatic animals and 
plants, which are often preserved in their natural Position, in 
42 


or 
ai 


which they were tranquilly buried by the dential 


them. Numerous remains of . a . 

; crustacea and mollusea are the 
found in perfect preservation in strata situate at peer dade 
from the shores of the sea, figs, 3, 4. ad 




















These phenomena will be more fully explained hereafter, 

32. These circumstances establish a marked distinction between 
the igneous and the superincumbent rocks, The latter, con- 
sisting of matter distributed in regular and horizontal layers 
are called srratrrren rocks, while the former consisting of 
materials agglomerated without any semblance of order are called 
UNSTRATIFIED ROCKS, 

As the unstratified rocks are called riwronte or IGNEOUS 
rocks, the stratified are denominated NEPTUNIAN or SEDI- 
MENTARY ROCKS, and sometimes ROCKS OF AQUEOUS ORIGIN, 

33, The transition or metamorphic rocks, which rest upon the 
igneous rocks, show traces of stratification eombined with such 
partial crystallisation as may be inferred to have arisen from 
their contact with the highly heated surface of the rocks below 
them, ‘The principal rocks cowpposing the transition-system, are 
the gneiss, already described, crystallised limestone, 
hornblend, thick layers of the rock called the old-red san 
and many varieties of slate and shale. bo ae 

34, Independent of the existence of distinct stratification in 
these, they are still more decidedly distinguished from those of 
igneous origin by the deposits of animal remains found in them, . 

which, though neither numerous nor of a high order of organisa- 
tion, are nevertheless present in sufficient quantity to put aside 
in the most conclusive manner all other suppositions, than that of 
sedimen formation and aqueous origin. talis 

35. Tiles been saan ee many geologists, Sabaiiace 
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animal remains. have been found in these transition-rocks, no 


traces of vegetables were discovered there, from which it was 
inferred that the existence of animal life upon the globe preceded 
that of vegetation. M. d’Orbigny has shown, however, that 
such is not the case. The remains of various marine plants 
have been found by Mr, Hall in the lower Silurian strata in the 
State of New York. The coal-mines of Vallongo, in Portugal, 
are in the same strata; and the richest coal deposits of Spain 
are in the Devonian formation. It must, therefore, be considered 
that animal and vegetable life were always co-existent, as indeed 
is apparent, @ priori, inasmuch as animals which do not feed on 
each other must necessarily feed on vegetables. 

Organic remains of animals have been found in the superior 
layers of transition-rocks, which present singular interest as being 
the earliest examples of life traceable in the growth of the earth, 
It would seem, that after the external parts of the igneous matter 
had been hardened by the process of cooling, the first sedimen- 
tary layers deposited upon it became the habitation of certain 
races of organised beings. 

36. Among these the researches and observations of Professor 
Phillips have brought to light various species of small fish, and there 
have been found, near Llampeter in North Wales, in the same stra ta, 
traces of a species which the late Mr. William Macleay, a profound 





naturalist, pronounced to be a sea-worm of the class of Annelida. 
being the first in Cuvier’s classification of articulated Poo 
Ad 


STRUCTURE OF THE CRUST, 


The remains of one of these gea- ity a 
found at Llampeter, is shown’ in fig. 3 nn Gambrensi, 
creature consisted of about 120 joints. r bf 

37. In fine, then, we find that upon the igneous rocks as a 
foundation the superficial structure of the earth has been erected, 
consisting of a series of layers or courses of natural m 4 
one placed above another—the formation of each of which has 
been the work of countless ages ; that transition-rocks were the 
first and earliest ef these, while those which form the surface of 
the earth, and are the habitation of the existing organised tribes, 
were the last; and that the epoch at which these latter tribes, 
including the human race, were called into existence, remote as it 
must appear, compared with all measures of time familiar to us, 
is recent when referred to that system of chronology which is 
written upon the crust of the globe. 

38. Above the transition-rocks, which, as we have stated, were 
first placed in the class of primitive rocks, succeed a series of 
layers which have been denominated seconpary rocks, These 
consist chiefly of chalk, clay, argillaceous slate, shale, red and 
brown sandstone, limestone, iron and lead ore, and coal. They 
abound in organic remains, animal and vegetable, in a high state of 
preservation, the minutest parts being often perfectly observable. 

39. The extent to which the earth was the theatre of organic 
life, at the epochs of the deposition of these numerous strata, may 
be conceived when it is stated that, in 1834, a German’ naturalist 
and geologist counted no less than 9000 species, the remains of 
which, at that date, had been found below the superior limits of 
the stratified rocks, not one of which has ever existed since the 
earth became the habitation of man, 

Among the animal remains which abound in these seoondary 
strata may be mentioned corals, crinoides, mussels, trilobites, 
fishes, reptiles, insects, marine and fresh-water shells, sponges, 
and animaleules countless in number. . : : 

Of the reptiles, the most remarkable are various species of 
lizard-shaped animals, constructed on a seale of colossal mag- 
nitude, called Saurians, from the Greek word avpos (Sauros), 
lizard. These have been variously denominated megalosaurus, 
plesiosaurus, ichthyosaurus, and so on. ; 

40, Upon the secondary rocks repose a series of strata of more 
recent deposition, called on that account TERTIARY RocKs. These 
consist of a thick bed of clay, limestone, sand, pebbles, and white 
sandstone. They abound in organic remains, which are dis- 
tinguished from those of the lower and more ancient strata by 
including a considerable proportion of the still living species. 
Thus the lowest strata of the tertiary rocks contained 5 = 
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i] ata 10 per cent. of the species found among 
41. In fine, st upon these tertiary are several layers of 
earthy matter, upon which the actual organised world is placed. 
These are usually resolved into two beds, the lower of which, 
denominated pitvvrat, consists of deposits of gravel and clay, 
with boulder-stones, rounded in different degrees by attrition, 
giving indication of having been carried from a distance by the 
extraordinary action of water, from which the general name 
prrrr has been given to them. 

The superior bed consists of sand, clay, and gravel, upon which 
the surface soil, which is the theatre of agriculture, rests. This 
consists of decayed and decomposed vegetable matter, mixed with 
more or less of the disintegrated matter of the inferior beds. 
This uppermost layer is produced chiefly by the ordinary action 
of water, and is denominated aLtvvraL. 

42. Such are the five principal groups of rocks, into which 
geologists have divided the matter which forms the shell of the 
globe. The transition, secondary, and tertiary groups, have 
each been subdivided into several layers or strata, each of which 
is distinguished by the peculiar sorts of mineral matter of which it 
is composed, and the peculiar species of organic remains which it 
contains. Geologists, however, are not agreed either as to the 
limits of the five principal groups, or as to their distribution into 
subordinate strata. Thus they are not agreed as to where each of 
the principal groups ends and the next begins. The rocks, 
which one calls primitive, another denominates transition or 
metamorphic, Those which one assigns to the upper part of the 
transition-system, another assigns to the lower part of the 
secondary system; and in like manner what one assigns as the 
highest strata of the secondary, another gives as the lowest strata 
of the tertiary, These discrepancies, however, arise more from 
the nature of the things than from any deficiency of our 
knowledge of them. Between one group and another there is 
no essential distinction, and their classification into primary, 
secondary, and tertiary, though convenient, is, like many other 
classifications, to a certain extent arbitrary. 

43, From what has been stated, respecting the strata constituting 
the crust of the earth, the following consequences will follow :— 

First. The unstratified and igneous rocks existed prior to the 
stratified or oe ae r Ss ieacke 

_ Secondly. The strati or imentary rocks were earn 

in the chronological order in which they are found eran 

_ the most ancient being the transition-system, and the others 

being formed in the order of time in which they are superposed, 
46 
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the oldest being the lowest strata of the secondary, and the most 
modern the upper strata of the tertiary ; the intermediate ance, 
pe tat mena 

: . : superposition, = 

Thirdly, The sedimentary strata in their original and natural 
Position were necessarily level; their bounding. surfaoss wane 
horizontal and. parallel, Wherever, then, they may be found in 
any other position, it must be assumed that they have undergone 
derangement of position by some disturbing cause since their 
original deposition, This derangement may arise either from the 
strata being heaved upwards by a pressure from below, or by 
their sinking downwards by their incumbent weight forcing them 
into some inferior vacuity, 

Fourthly, Although the succession of strata constituting the 
series, from the primitive rocks upwards to the surface, is by no 
means invariable, and is subject on the contrary to many local 
variations, still its general character is such as has been described, 
If the sedimentary strata, proceeding from the lowest upwards, 
when complete, be expressed by the letters a, B, ¢, pv, &e., it will 
sometimes happen, from local causes, that the actual series may 
be A, B, c, B, &e,, or A, B,D, B, &e., or A, D, BE, &e., but it cam 
never happen that the series shall be p, n, A, c, &e, In a word, 
one or more strata of the series may be wanting, but their natural 
order is never inverted. 

44. It appears, therefore, that the character and order of the 
sedimentary strata constitute a chronological scale indicative of 
the history of their formation. It is true that the value of the 
unit of this scale is not and cannot be known, inasmuch as the 
absolute intervals of time, necessary for the deposition of the 
strata severally, cannot be certainly determined. This, however, 
does not prevent the geologist from pronouneing with perfect cer- 
tainty upon the order of time of their deposition respectively, 

45, Although the series of strata above described have been 
deposited, subject to so many local disturbing causes, that there 
is probably no point on the entire surface of the globe, where a 
section would exhibit them complete, still by a careful and 
judicious comparison of observations, made in different localities, 
their normal arrangement and natural order of superposition 
has_ been ascertained, and geologists have grouped and classified 
them under a great variety of denominations. Owing to the 
absence of any general convention, no single system of nomen-— 

clature has been adopted, as has been so happily effected in 
chemistry, and though in a less degree, also in zoology. The 
consequence is that geology is overlaid with a complicated, con- 
fused, and discordant nomenclature, detrimental to the diffusion 
and even to the progress and extension of the science. i 
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THE CRUST OF THE EARTH. 


who desire to obtain even the most superficial acquaintance 
with it, are therefore compelled to familiarise themselves with a 
mass of most repulsive technicalities, in which the same thing is 
called by many different names, according to the varying views, 
tastes, and even personal caprices of the geological investigators 
who have devoted their labours to the researches in which it finds 
a place, 

Names have been given to strata or groups of strata in some 
eases from the localities in which they are found at the surface, 
as for example the Jurassic, the Silurian, the Cambrian, and the 
Devonian groups. In other eases, names are derived from the 
prevalent materials constituting them, as the cretaceous, oolitic, 
and carboniferous groups. Other names have been adopted from 
the order of the deposits, as for example eocene, miocene, 
pleiocene, and pleistocene, from Greek words signifying the first 
dawn, or the earliest, less recent, more recent, and most recent, 

Another set of names has been taken from the presence, 
absence, or dates of the forms of 
remains found in the strata. Thus tl 
ij of all such remains, are calle 
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ife exhibited by the organic Fig. 37,—CAVE OF FINGAL, STAFFA. 


ve strata, which are destitute 
1c, from a Greek compound 


: implying the absence of life. e term cainozoie is applied to the THE CRUST OF THE EARTH 3 
h most recent strata, including organic remains, mesozoiec to the 
: OR, FIRST NOTIONS OF GEOLOGY, 





middle strata, palwozoie to the 


l ) icient strata, protozoic to the 
first in which life appears, and i 


+ 





» those strata which 


lie below the range of all organic remains. CHAPTER II 


46. General section of the terrestrial crust tabulated.—47. Approximate 
thickness of strata. —48. Probable time necessary for their deposition. 

49. Recapitulation of the physical history of the globe.—50. Depo- 

sition of organic forms. —51. Alternate elevation and depression of the 
crust,—-52. The strata are botanical and zoological museums of past 
creations. — 58. The gradual increase of forms of life.—54. Creative 
power has always operated on the same general plan, —55. But has 
varied from period to period in details. —56. Animals created gradu- 

1ore perfect being the more recent, —57. Tabular view of 
the progress of the animalisation of the earth.—58, Great increase 
of vertebrates in the tertiary period—No human fossil—Man charac- 
1.—59. Temporary existence of certain 
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teristic of the present perio € _of 

‘4 ; extinct genera and species. —60, Geological use of porary ag 
? and species. —61. Examples—Trilobites characteristic of the Silurian 
bad strata,—62. Description of them,—63. Dr. Buckland’s panes 
j . them.—64, Species characteristic of the ling — ico 
ie Characteristics of the Wealden Hyleosaurus—Iguanodon.— 66. m 
{ 4 racteristics of the chalk.—67. Ammonites, their distribution between 
Sie « the Silurian and chalk.—68. Fossil cephalopodes—Nautilus— Danian 
—69. Fossil gasteropodes—Bigranulosa murchisonia~—Cypnes legan 


—Voluta elongata—Pterocera oceani. 
46. A GENERAL idea of the series of stratified rocks, proceeding 
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la the terrestrial crust, may be formed from the 
- lar statement (page 51), which we have compiled 
works of different geologists, and pally from that 
of Sir H. de la Beche, representing the order of the strata in 
Western Europe, and which in its general character will be found 
~ to correspond sufficiently with the condition of the terrestrial 
_ erust in most parts of the world, especially as regards its major 


The strata, which in this table are denominated primary or 
palwozoic, are by some geologists included under the general 
denomination of secondary rocks. These must not be confounded 
with the igneous rocks, which are often called primitive rocks, 
and which are not stratified at all. The hypozoie or lowest beds 
‘of stratified rocks, together with the lower groups of the primary 
Bi or palmozoic, are those which in the preceding paragraphs have 
1g ‘been denominated transition or metamorphic rocks. 

' oe 47. On contemplating the table, and on considering the 
Bi r ‘peculiar super-structure which it exhibits, combined with the 
| We fact that eath layer being a sedimentary deposit, must have been 
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the result of an interval of time of considerable duration, two 
questions will naturally suggest themselves. 
What are the dimensions of these several strata, and what the 
a ‘total thickness of the whole structure from the granite foundation 
Bi on which it rests to the vegetable soil upon the surface, and 
ee what has been the probable interval of time required to pro- 
. duce each stratum. 
__ Although certain and definite answers cannot be given to 
‘ a these questions, some degree of approximation may be made to 












them. ‘The thickness of the several strata and groups of strata i 
subject to considerable local variation, nevertheless the indications 
of the limits of these variations in certain parts of the earth 
which have been subject to geological survey of more or loan 
may be useful. 

_ Thus, the following are the estimated thicknesses of several 
strata, proceeding upwards from the transition-syste 

‘surface in Great Britain. ~~ > 
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ch hat Cambrian system from one to five miles, ons mee 
Llandeilo formation aT Oe, 


ol Caradoe formation =. . el Comet 
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2 Nyaa | 
Shanklin sands, Vecten Neocomian or lower green sand, 
| Wealden clay, o 
| Hastings sands, 
| Purbeck series. 
{ Portland oolite or limestone, 
| Portland sands, 
| Kimmeridge clay, 
Coral rag with its grits, 
Oxford elay with Kelloway's rock, 
Cornbrash, 
Forest marble and Bath oolite, 
Fallers’ earth, clay, and limestone, 
Inferior oolite and its sands, 
Lias upper and lower with its intermediate marlstone. 
, Variegated marbles, 
| Mauschelkalk, 
' Red sand stone, grés bigarré, bunter sandstein, 


. 


SxconDsRny ok Mrsozorc, 


Jurassic or Oolitic, 





assic.| 


| Zechstein, dolomitie and magnesian limestone, nin 
| Lower new red, conglomerate and sandstones, 
| Coal measures. 





Carboniferous and mountain limestone with its coal, sand- 
stone, and shale in some districts, 
Carboniferous slates and yellow sandstones. 
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| Modifications of old red sandstone. 


ian 


'Devon- 


- ets BR LEE | 
“) Upper Ludlow rocks, Wenlock shale and limestone, Wool- | 
hope limestone, 
Middle Caradoe sandstone and conglomerate, 
Lower Landeilo, Bala and Snowdon beds. es 


j/ Barmouth sandstone, Penrhyn slates, Longmynd rocks, and 


various rocks below the Silurian, 


Primary on Pacmozomw. 


| Silurian. 





eds of mica schist consisting of quarte and mica h 
without feldspar or garnets, chloritic schist, tale schist, 
rtz rock, clay slate, limited beds of iron ore. 
| Beds of gneiss consisting of lamin of quarts, feldspar ; 
pe beds of mica schist, quartz rock, limestone, | 
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pariah Lael oe gig ble 
Carboniferous or mountain limestone 1 goo te 2500 4, 


Millstone grit goote Joo ys * | 
Coal formation... - we ORS: ante | 
igen new red Pontefract rock . - 100 w» 

limestone . : < "> ae a 
New red sandstone . : ; * . 100 ,, 


Lias . - - ‘ . wie of OUR: - oy 
Lower or Bath oolite . J « @eotogoo ,, 
Middle or coralline oolite . 300 to Sco, 


Upper or Portland oolite , . 200te Boo ,, 

Greensand formation : “ eo 

Chalk formation . ’ P . eo 

Lower tertiary or eocene, about . wel, 11OSOD | gy 
r Miocene formation. 

Pleiocene. 

Pleistocene. 


~ Rough as this approximation is, it may give some idea of the 
general thickness, at least, of the stratitied part of the crust of 
the earth. It would appear from combining these results, that 
the total thickness of the stratified crust, as far as these 
observations go, varies from 10 to 20 miles. Of this thickness 
the lower, or palwozoic strata, constitute the principal part, as 
will be seen by the annexed diagram given by Professor Phillips. 
Tertiary or Upper Strata. } 


/ Secondary or Middle Strata. / 












48, To the question as to the lapse of tin 
successive sedimentary strata have been f 
to give any answer even as definite as the estimates 
thickness. All that can be said is, that the deposition 
turbid waters being generally a slow process, it may be imag 
that intervals of timg of vast duration must have been 
for the formation of strata which measure many miles in 
thickness, ; 

But besides the mechanical deposition of matters suspended in 
water, we find numerous traces of chemical decomposition, which 
could only have been effected in long intervals of time. Thus 
deposits of limestone lie in frequent alternation with sandstones 
and clays, These indicate a series of changes in the mode of 
action, by which the total stratified mass was produced, consisting 
of successive cessations and renewals in chemical and mechanical 
action. 

In short all these effects combined with others, presently to be 
mentioned, lead to the conclusion that the period during which 
the human race and its contemporary tribes have existed upon 
the earth, is but a brief interval compayed with the immense 
lapse of time occupied by the formation of the igneous 
the cooling down of the superticial part of the fused matter, 
the subsequent deposition of the stratitied crust, tite 

49. It may be useful here briefly to recapitulate the history of 
the globe, as we find it inseribed upon its crust. 

Originally a mass of fluid matter, in a state of igneous fusion, 
it assumed the globular form in virtue of the mutual gravitation 
of its parts. Launched by the Creator into space with a motion 
of rotation round a certain diameter as an axis, it took the form 
of an oblate-elliptical spheroid, flattened at the poles, in virtue of 
the centrifugal force attending its rotation, The degree of 
spheroidal ellipticity being of course precisely that which eor- 
responded to its velocity of rotation. 

In this state its extremely exalted temperature would not: 
maintain the matter at its surface in a state of fusion, but 
also keep a certain portion of the solid matter in a state of 
sublimation, and all the liquid matter in a state of vapour sus- 
pended in and mixed with the surrounding atmosphere. - 

After a continuance of greater or less duration in this state, 
the heat of the globe being continually radiated into the sur- 
rounding space, the temperature of its surface would be val 
diminished, and would, at length, fall below the point of fusion 
of the matter composing its surface, and berger scab yd 
ficial part would be solidified, and the globe would be coated, as 
it were, by a thin skin or shell of solid matter, enclosing within 










































“would be continually a " superticial 
— would fall to such a point that the sublimated 
matter would be precipitated on the surface, gnd when the super- 

ficial temperature, falling still lower, would descend below the 

boiling point of water, a general condensation of the vapour sus- 
tained in the atmosphere would ensue, and the entire surface of 
the globe would be covered with an ocean of uniform depth. 

“Tf no disturbing force acted, this would have continued to be 

the condition of the globe ; but the fused matter enclosed by the 

solid crust being subject to effects more or less irregular, and 
exercising unequal pressures, it was in some places protruded 
be d in others depressed. In this manner certain parts 

i ‘the solid crust were pushed above the level of the water, while 

4 a others may have suffered corresponding depressions. Instead, 

a therefore, of a universal ocean, the surface became diversified by 

a8 water. 

Pies ste of the water upon the subjacent solid crust of the 

earth by erosion and disintegration and exposure to atmospheric 

om action, produced various changes in its condition; and the parts 

4 thus washed off being subsequently deposited at the bottom of the 

waters, produced the incipient stratification which has been above 

Tienes ae temperature of the globe was reduced to such a point 

as to be compatible with the existence of organised bodies, the 

first forms of life were called by the Creator into existence, and 
were such as were adapted to the then physical condition of the 
globe, being, as might be expected, exclusively marine tribes. 

‘When subsequently land emerged from the ocean, and by the 

condensation and precipitation of vapour rivers and lakes were 

formed, terrestrial, fluviatile, and lacustrine tribes were called 
into existence. 

60, As each successive stratum was thus formed, the remains 
of the animals and vegetables of the epoch were deposited in 
them, and have accordingly been preserved to our times, Flu- 
yiatile and land animals, in greater or less numbers, were 
jnto the embouchures of rivers, and there deposited like the 
others. Laeustrine tribes were, in like manner, deposited in the 
Pottoms of vest lakes or inland seas, ‘ ee hides 
ei besides these, there are indications of other 
; ene Ber or sudden, which would explain Ptr cnr ed 
t organie remains in the strata, There 
swellings upwards and subsidence downwards of the 
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ANIMALISATION OF THE EARTH 
crust, by the internal movements of the fluid } 
globe, caused various changes. ayy 
water, so that parts of the globe which at one time 
above the waters, and inhabited by terrestrial tribes, wi 
sequently submerged ; while other parts, being elevated, « 
from the waters and formed new continents or islands, 
changes which are in actual progress, and which will be 
noticed more fully, show that such phenomena are still 
though probably on a much smaller scale, than at the earlier y 
stages of the growth of the earth when its crust, having less. 





thickness and strength, offered less resistance to the internal 
movements of its fluid nucleus, a 

52, Since the strata were deposited during a succession of 
periods of long duration, each receiving the remains of the 
organised tribes which inhabited the earth at the period of its 
deposition, it follows that the organic contents of these successive 
strata may be regarded as so many museums presenting to us- 
specimens of the zoology and botany of the globe at the successive 
periods of their deposition. By examining, therefore, these re-~ 
mains, we shall be able to compare with each other, and with the 
existing tribes, the living inhabitants of the globe at the several 
periods of the formation of these strata. ‘ 

53. The first and most obvious inference suggested by such an 
analysis is, that the number and variety of organised beings has 
rapidly increased, from the period at which the earth became 
habitable to the present epoch. ‘his is rendered evident by a 
comparison of the number of species found in a given thickness of 
strata, proceeding downwards from the surface, which has been 
estimated by Professor Phillips as follows :— 


Number of Species in 
1009 feet thickness. 


Tertiary . | ‘ . r4To 

Cretaceous. : + > on 2 
Ooliis’ 22! =o) nie “4 
Triassic 7} 82 ind 
Permian re me 
Carboniferous. r ‘ 47 i: ra 
Silurian . a 27 ' ‘ 


These numbers represent the relative proportion of marine spe- 
cies, by far the most numerous of the organic remains, | 
especially in the lower strata, This caleulation was based u 
the results of observations made about 1834, and 11 
numbers given are considerably below what would be 

from more recent observation ; but their proportion, whi 

that concerns us here, would probably not be altpred A 
quent results, 
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and tribes, both animal and vegetable, it is a question of profound 
interest to determine whether creative power, in the production of 
these organie beings, has operated upon the same principles which 
are manifested in the structure of its actual inhabitants, It might, 
for example, be imagined that the furms of life at those distant 
epochs, existing probably under extremely different physical con- 
ditions, might be totally different from, and utterly incomparable 
with, those which now prevail. Or though they might agree in 
certain general principles and conditions, they might be expected 
to exhibit extreme differences in many important details. A 
survey, nevertheless, of the existing tribes, and a comparison of 
them with the remains found in the terrestrial strata, lead to the 
conclusion, that though the former inhabitants of the globe 
differed from the present in many minute details of their struc- 
ture, yet they agreed in all the more essential principles. 

' Naturalists have resolved the existing animal kingdom into four 
primary divisions: the Vertebrates, the Articulated or Annulated, 
the Mollusca, and the Zoophytes. 

Quadrupeds, birds, and fishes, for example, are Vertebrated 
animals; insects, spiders, and certain shell-tish, such as crabs and 
lobsters, present examples of Articulated animals; snails and 
oysters are examples of Mollusca ; and star-fish, sea~blubber, and 
corals, of the class of Zoophytes. 

Now a due examination of the organie remains deposited in the 
terrestrial strata leads to the conclusion, that they admit of pre- 
cisely the same general zoological division. 

But the analogy between present and past creations is still 
closer when those primary divisions are resolved into several 
classes. Thus the living vertebrates are divided into mammifers, 
birds, reptiles, amphibia, and fishes. In like manner the fossil 
vertebrates admit of precisely the same classification. We find 
among them all these classes and no others. 

Again, the living articulated animals are resolved into the 
subordinate divisions of insects, myriapodes, arachnida, crustacea, 
and worms of various forms. A like subdivision is applicable to 
fossil Articulata. ets 

_ Fossil, like living, Mollusca are resolved into Cephalopodes 

Gasteropotles (snails), Acephala (oysters and mussels), “sa 

(plur ), and others. In fine, the Zoophytes, fossil as well as 

ing, are resolved into Echinodermata (sea-urehin, star-fish) 
Polyparia (coral), Infusoria (monads), and i (sponges), 

all of which are found reproduced in the fossil state, = 
eg me when we descend to more minute distinctions we cease 
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- FOSSIL FORMS, so. 
to find the same close 


above-mentioned classes are found cary ace ee Paar | 


are altogether absent from the fossils; and, on the 

numerous genera of fossil animals have no place in the 1 
animal kingdom. Of about 1000 fossil genera, somewhere 

500 are identical with those of existing animals, the other 600 
being extinct, 1 

The difference between the present and creations is, ; 
may be expected, still more remarkable weasel come to ae 
Species with species. Thus of 10000 well-ascertained fossil species 
there are not more than 200 or 300 which still survive, 

56. Though the counterparts of all the principal divisions of the 
animal kingdom are thus found in the fossil state, they are by no 
means equally distributed through the strata. Nature, on the 
contrary, seems to have called them successively into existence, 
according to their increasing perfection of organisation,—the 
Mammalia, the most perfect of all, being the most recent in date ; 
and the Zoophytes and Mollusca, the lowest in their organisation, 
the earliest. 

Thus the first forms of life which appeared during the Silurian 
period were chiefly confined to the Zoophytes and other classes of 
the lowest organisation, the only Vertebrates then existing being 
fishes, and those in very limited numbers. ‘The same forms, for 
the most part, prevailed upon the globe during the Devonian and 
Carboniferous periods, During the Permian and Triassic periods 
animated nature received no other increase than that of a few 
reptiles. No other classes were added to the ereation during the 
long interval of the Oolitic period; but the number of species of 
reptiles, as of all the other classes just mentioned, were con- 
siderably increased. 

The first appearance of birds was manifested during the Creta- 
ceous period, but they were very limited in number until the 
Tertiary period. 

It was not till the Tertiary period which immediately preceded 
the present epoch that Mammalia were created. Birds, reptiles, 
and fishes augmented in number and variety also during this 
period, as did various others of the inferior classes, such as Gaste~ 
ropodes and Acephala. 

It must be observed, however, that foot-prints of some Mam- 
malia have been discovered in the Oolitie strata, and marks, 
supposed to be those of birds, in the Triassic. itt garel 

57. In the following table, compiled from the very extensive 
tables of Paleontology, which accompany the work of Professor 
@Orbigny, we have exhibited the commencement, continuation, 
and prevalence of the different classes of animals whieh inhabi io ted 
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THe Sree: . CHARACTERISTIC GENERA AND- SPECIES, 
th during the successive periods from the Silurian to the 
. The relative numbers of each class prevailing at the 


It happens sometimes that particular rae eae 


different periods are indicated by the four following signs : I certain groups of strata, superposed in regular order, bu 
oe ieaek + ; disappear frgm all subsequent and antecedent. Such species 
x more numerous. ; are accordingly characteristic, not indeed of particular strata, 


but of those limited groups of strata in which they prevail, 
and the inference is, that they had continued to exist upon the 
earth during the period corresponding with the deposition of the 
groups, but did not exist there before or after. 


4 still more numerous, 
© most numerous, 
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; : ition Leen renmiany.| / 60. The species which thus prevailed upon the earth during 
di ai. i\— . A en & | geological periods more or less limited, and which ceased to exist 
ei Z 2 : 4 7. a x! £ | g | before the period marked by the presence of the human race, have 
| ab os a\% q'3 He SE accordingly supplied to the geologist tests for the identification of 
| 2-252 OAL ood aa a sa batch ed fd ed a nd fad fd fall strata much more determinate than any which depend on their 
|Polyparia .  . Coane PAs Ps O00 Q| mineral constituents. When the presence of a particular species 
Crinoidea . . IAA oS he sees | is strictly limited to particular strata, it beeomes an unerring test 
Ophiuroidea, — Asteroidea, } of the presence of that stratum wherever this species is found. If 
Eehinoidea, Echinoder- PEPE Heb a PS fen a se f oe fk [0] it has prevailed through groups of strata, it is a test, though not of 
a, - ° ok al iele* all sta Coetate la i particular strata, still of the group to which its presence is limited, 
Brachiopoda ng. tl cigs AlOiAlxtallalelata Killed 4 61, Numerous examples of these characteristic species may be 
Acephala Se ee tbl te tite lala tata AIO mentioned, A certain family of Crustacea, called Trrronrtes, 
Marine Gasteropodes . eee ae reer ae ttl seb ae} oe bat ot AI@)| are almost exclusively limited to the Silurian period, appearing 
ee aereels, oy a Ot x x/O] rarely in the lower bed of the carboniferous limestone, and never 
errestrial and uviatile | . 
| Gasteropodes 3 «' 4)4 4/0} a pty ilobites consisted of an oblong body, divided trans- 
| Acetabuliferous Cephalopodes AA nde by (9) Ge. The ruobites consisted of an o ies wa h 
| Tentaculiferous Cephalopodes BPA Os oh Ale |e tateneaias | versely into three parts, and also longitudinally into the same | 
sw esti eee || x bees teelae| ytgebeade | . 
he Sep aptly sha lele 
Birds . » » “ , Ky ixl® 
| Mammalia. , «lO 
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- 68. It appears that the creation of fishes, reptiles, birds, and 
mammalia, the four vertebrated classes, underwent a sudden and 
large augmentation at the epoch of transition from the tertiary to 
the human period, and that, to crown all, man appeared for the 
first time in the period to which he has given hisname, Amon 
the infinite variety of fossils discovered in the strata of the earth i 
there is no instance of human remains. : ; Fig: 6 ee ee 
59. Although the various classes of animals and vegetables, 














when once called into existence, have continued to prevail upon 
the earth till the present time, the same is not true of the genera 
constituting these classes, and still less of the species of these 
genera, as already mentioned. Species appear in particular strata, 
no trace of which is found in any other, superior or inferior, ‘The 
inference is, that such animals existed only during the perio, Nuai 
responding to the deposition of these particular strata, 

58 XS 


number of lobes, The comparison of the forms of these animals 
with those of existing Crustacea, renders it probable that they 
dwelt in the depths of the sea, far from coasts, floating on their 
back, and never resting, inasmuch as their feet could not retain. 
them stationary, and movement was necessary for their a 
tion. From a peculiarity of the mouth, it is inferred that they 


‘were carnivorous, preying probably on naked — a 
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their remains are found associated. But 


» with which 4 thousand-fold, when we look to the infinite | ‘: 
wary neal i da fold, whi infinite variety of adaptas = 
_ te oe i interesting > ee ore le tl oo _. mathe : tions by which similar instruments have been modified, through a 


endless genera and species, from the long-lost Trilobites of the 


in our Tract on ‘ Microscopic Drawing.” They consist of a vast transition strata, through the extinct Crustaceans, and the count- 


number of minute lenses of octagonal form, set in the ends of 


t ; mn less hosts of living insects. It appears impossible to resist the 

tubes arranged side by side, so as to produce ® radiating ne of conclusions as to unity of design in a common Author, which are 
eyes, enabling the animal to look at the same are wey enh thus attested by such cumulative evidences of Creative Intell; 

tion. As many as four hundred of these lenses have been found and Power ; both as infinitely surpassing the most exalted faculties 

set in a single cornea. 


of the human mind, as the mechanisms of the natural world, 
when magnified by the highest microscopes, are found to transcend 
the most perfect productions of human art.” 


63. Such a structure proves, if proof were wanted, that the 
properties of light, and of the transparent media constituting the 
atmosphere and water, were, at the remote epochs when the earth 64. In like manner the lias, which is the earliest deposit of the 
was tenanted by those creatures, what they now are. ‘ With Oolitic period, is characterised by various organic remains, as well | 
respect to the waters,” says Dr. Buckland, in reference to these of reptiles as of mollusca and the lower divisions, Among the | 
creatures, “we conclude that they must have been pure and latter may be mentioned a particular species of Ammonites, called | 


transparent enough to allow the passage of light to organs of the Ammonites Bucklandi, and among the former the ichthyosaurus, 
vision, the nature of which is so fully disclosed by the state of 


perfection in which they are preserved. With regard to the : Sn 
atmosphere, also, we infer, that had it differed materially from 
its actual condition, it might have so far affected the rays of light . 
that a corresponding difference from the eyes of existing Crus- 
taceans would have been found in the organs on which the 








impressions of such rays were then received. Regarding light Fig. 7.—The Iehthyosaurus, 

itself, also, we learn, from the resemblance of these most ancient or fish-lizard, is an example of an extinct animal of this tribe, which 
organisations to existing eyes, that the mutual relations of light has the muzzle and general aspect of a porpoise, the head of a lizard, 
to the eye, and of the eye to light, were the same at the time the teeth of a crocodile, the vertebre of a fish, the sternum or 
when Crustaceans, endowed with the faculty of vision, were first , breast-bone of an ornithorhynchus, and the fins of a whale, The 
placed at the bottom of the primeval seas, as at the present enormous magnitude of the eyeballs was one of the peculiarities 
moment. Thus we find among the earliest organic remains, an of this genus, The cavities in which they were lodged, in one of 
optical instrument of most curious construction, adapted to the species, measured not less than fifteen inches in diameter. A 
produce vision of a peculiar kind, in the then existing repre- ring of bony plates surrounded the socket, which pts 
sentatives of one great class in the articulated division of the seemed to protrude more or less the globe of the eye, and ig ten 
animal kingdom. We donot find this instrument passing onwards, convexity of the cornea, so as to adapt the organ for bee cy : 
as it were, through a series of experimental changes, from the tant vision. This, combined with the great power y or 
more simple into more complex forms: it was created, at the very ee: scent epnss ogee ny the reptile great promptitude 
first, in the fulness of perfect adaptation to the use and iti perceiving and seizing its prey. ; 

of the class of creatures to shih Able kind of eye has Howe: — / These reptiles were essentially aquatic, and the form of their 
and is still, appropriate. If we should discover a microscope oa teeth proves them to have been pega Boy “ 
telescope, in the hand of an Egyptian mummy, or beneath the or fossilised excrements, show that their in ras_ spirally 
ruins of Herculaneum, it would be impossible to deny that a arranged, like that of certain fishes, va é petra 
knowledge of the principle of opties existed in the mind by which 65. The Wealden strata, lying near the uppe' oolitie 


and the lower part of the cretaceous, is characterised by remains 


such an instrument had been contrived. ‘The same inference of the Monocotyledonous * division of plants, by ferns, by various 


follows, but with cumulative foree, when we see nearly 

hundred microscopic lenses set side by side in the oe 

of a fossil trilobite; and the weight of the argument is multiplied : 61 
60 os 


: 9239/9, ~ 


* Having only one seéd-lobe. 
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tribes of the lower animals, by insects, fishes of the genus cee 

and, among the colossal class of reptiles, by on Hylwosaurus, an 

among terrestrial quadrupeds, by the Tguan Mion. epee 
On: Asiana the numerous animals characteristic of the Cretaceous 


to that in which it disappears, is distinguished by the presence of 
a peculiar species, Of 229 species of Ammonites 17 belong to the 
oldest fossiliferous rocks, 


7 to the carboniferous system, 15 to the 
new red sandstone, 137 to the oolite, and 47 














he Bel to the chalk, 
. ‘ fman, the Belem- 68, Among the organic remains characteristic of strata or 
: tne d the Mososaurus of Hoffman, 5. . : ee ee 
: i period may be ‘me — bratula plicatilis of strata, the following examples may be mentioned: Fogsj) Cepha- 
hie nites mucronatus, the Terebratula plic: , ised by the pre- lopodes are exceedingly Or in the palwozoi ne 
ag _ here a group of strata is characterised by the | . Opodes are ex< cedingly numerous in the palmozoic Sroup; but of 
‘ie mag aaa nw family of fossils, which first appear at its all the genera hitherto discovered, one only, that of the nautilus, 
f r : valence of a particular famil; has come down to the present times, 
Bt These fossils appear in great numbers in the lower strata of the 
‘5 secondary rocks, are few in the lias and oolite groups, re-appear in 
K great numbers again in the cretaceous, and nearly disappear from 
{ i P the tertiary rocks, 
+A The examples are so numerous, and preserved in such per- 
fection, that it is difficult to select any in preference to another, 
3 as illustrations of their forms. The nautilus, the only surviving 
: genus of the Tentaculiferous Cephalopodes in the first periods of 
animal life, had nearly the form which it still retains, 
i : A CLS 
if Fey hy A 
} “iy 3 BWA 
} hy hh 
+f , ” 
4 ’ Fig. 8 —A tes H eres 
oe . . 6 i ypermost layer, the succeeding 
. 3 lowest, and finally disappear at its ippermost 1a) nae aa g 
: } strata are often distinguishable one fro . another, by The 
: lence in them of a different species of this generic family, Thus 
i I 
a i. 
Hie 
: 5 
if } 
ray 
Pha 
ee 
§ j Nautilus Danian Fig. 12.—Murchisonia Bigranulosa, 
| ee Sautilus Danians, 
AR : 9. Fossil Gas les are, like the Cephalopodes, extremely 
Pais ites, so called from their gpj 3 69. Fossil Gasteropodes are, h i ) 
bal for example, the Ammonites, 20 called biral form, re numerous. The terrestrial and fluvial genera haye in general 
‘4 1a sembling the horn sculptured on the head of Jupiter Ammon, appeared for the first time in the Tertiary period ; but marine 
pat commence in the Silurian and finally disappear after the chalk, pes E 68 
i 4 ' 4 But each stratum, from that in which the family first appears 
ra | fi 62 
aa 4% 


THE CRUST OF THE EARTH. 


era have been found in all the rocks from ro Silurian 

in grad i i bers. They were, 

wards, and in ually increasing numbers 1) 

le poten the sate manifestations of animal life on the 

globe ; and what is remarkable is, that most seooang genera, 

inelading even those of the Silurian period, still _ - ol 

The close analogy of these ancient forms with the ext ns 

vd will be manifest, by some examples taken from among the 

ccniien numbers of fossil shells collected by ‘greg, Wes 
A fossil shell from the Permian group : shown in fig. 12, « 

in all the tertiary beds, in fig. 3. eae, 

a0 Seaiuabad which first appears in the middle strata of 

e 
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in fi 1e which begins in 
| i one nich ve 
i i the cretaceous group is shown in fig. 14, and one wh g 
A q ; the middle of the oolite, in fig. 15. 
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Fig. 15.—Pterocera Oceani, 
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Fig. 66.—nanrey 1 


SLAND IN THE BAY OF BENGAL 


THE CRUST OF THE EARTH; 


OR, FIRST NOTIONS OF GEOLOGY, 
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CHAPTER III, 


Reticulipora.—73, Ceratites, — 
mains forming entire islands and 
continents —- Ehrenbe rg’s discoveries.—75, Dr. Mantell’s table of 
organic strata.—76. Forms of life in the Silurian period.—77. Sir 
R. Murchison’s observations on the changes of the forms of life from 
period to period.—78. Stratification in undisturbed plains horizontal, 
—79. Strata thrown into oblique positions by disruption of igneous 
rocks.— 80. Formation of mountains. — 81. Arrangement of strata 
on their flanks. — 82. Strata sometimes upheaved without being 
disrupted.— 83. Sometimes disrupted. — 84, Sedimentary strata de- 
posited subsequently to disruption — discordant stratification, —. 
85. How these supply data for determining the epoch of the 
disruption. —86, Detirmination of the relative ages of mountains— 
Cumbrians and Grampians much older than the Alps.—87. How 
inclined strata have enabled geologists to analyse the structure of the 
terrestrial crust to the level of the igneous rocks.—88, Erosion of 
stratification by the action of water, and the Subsequent deposition 
of other strata.—89, Basalts—their character and composition, — 
90. Various forms of basaltic rocks:—91, Their extensive . diffusion 
over all parts of the earth.—92. Their columnar structure—Giant’s 
Causeway. —93, Basaltic causeway of the Volant—Dykes and colonnade 
of Chenavari.—94, Veins of basalt.—95. Basalts in mounds, —96. 
Basaltic grottoes—Kase grotto of Bertrich-Baden—Fingal’s Cave.— 


97. Trachytie rocks.—98, Trachytic mountains,—99, Their origin 
igneous, 


74. Enormous masses of animal re 
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THE CRUST OF THE EARTH. 


70. Tue Spondylus, figs, 16, 17, of which there are forty-five 
Pig, 16. Pig. 17, 





Spondylus Spinosus. 


first appears in the lowest stratum of the cretaceous 
ple of the fossil Lamellibranchia, 


t 
_ 18, 19, of which there are twenty- 
of the Brachiopoda, This is 


fossil species, 
group, and presents an exa 

71, The Pentamerus, tig 
one fossil species, is an example 











ie group, and becomes 
hat its existence was 


first seen in the lowest strata of the silur 
extinet after the Devonian period, so t 
limited to the earliest epochs of animalisation, 

72, The Reticulipora, figs. 20, 21, 22, 23, an example of the 
Bryozoares, is an extinct genus Retepora, of which there are five 
fossil species known ; the first in the middle strata of the oolites, 
and the others in the upper strata of the cretaceous group, In 
this the meshes are formed of high vertical laminw, supplied 
with cells by transverse lines on each side; fig. 20 shows the 
whole in its natural size; fig. 21, the external part’ magnified ; 
fig. 22, the internal part magnified ; fig. 23, the lamingw as shown 
with a still higher magnifying power, 
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FOSSIL ANIMALS, 


73. The Ceratites belon 
mollusca 


called Bacculine, the on} k: 
y kno i found 
lowest strata of the ri cpio er ee 
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Reticulipora obliqua, 


74. Among the most wonderful results of the animalisation of 
the earth, in the remote geological periods, is the enormous extent 
of matter which various species of animals elaborated from the 
gaseous or liquid element around them, by vital action, and 
which have remained as a perpetual record of their presence, 
Whole islands, and even continents, have been produced by the 
secretive functions and other vital agencies of countless myriads 
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ae Sis eee 
‘a Miventiey, the’ oolsbeated Pron 
a ‘mentions a stratum in Germany, not 


less than 14 feet in thickness, com- 
posed exclusively of the shells of 
animaleules, so minute that forty 
thousand millions of them would 
not fill a space greater than a cubic 
inch. Mountains, hundreds and 
even thousands of feet in height, are 
found to be composed exclusively of 
organic matter. The strata of ve- 
getable origin are not less exten- 
sive, consisting of forests engulfed 
by the subsidence of vast tracts of 
land, or embedded in the mud of 
a rivers and estuaries, of lignite 

af ‘. and brown coal in the tertiary de- 
© Mig. 2—Ceratlieg Nodowus. * cits, of coals and shales in the 
carboniferous strata, and of silicified and calcified trunks of 
trees in the tertiary and secondary formations. 

75. But the strata which consist wholly or principally of 
animal remains are so numerous, and of such vast extent, that, 
as Dr. Mantell observed, the exclamation of the poet may be 
reiterated by the philosopher, 

** Where is the dust that has not been alive !” 








for there is not an atom in the superior strata of the crust of the 
globe that has not probably passed through the complex and mar- 
yellous laboratory of vitality. 

The various families of animals from the infusoria and 
zoophytes, up to man himself, have then contributed more or less, 
by their organic remains, to form the solid crust of the globe. 
The following table, taken from the work of Dr. Mantell, pre- 
sents a concise view of some of the most obvious examples of 
these remarkable deposits. 





Rocks ComposkrD WHOLLY OR PARTLY or AnimaL Remains, | 
. Strata. Prevailing Organic Remains. Formations. | 
eee 








Drilobite schist . . | Trilobites. . 
‘Dudley Vimestone «  { ee 
‘Shelley limestone . | Brachiopodous shells. , 


¥ - «1 aon | 
eee! | 
ce abso e 


_ 
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TABLE OP FOSSIL, aMuRAtS, 


Rocks ComroseD WHOLLY OR PARTLY OF Ain nae rH a 
Rireta. | Prevailing Organic Remains, ; 


Mountain limestone . | Corals and shells , Mae { 


| Encrinital marble | Crinoidea 

7a and shells , 
Massel-band , - | Fresh water mussels 

Ironstone nodules . | Trilobites, insecta, and shells’ 
| Lias-shales and clays . | Pentacrinites, reptiles, fishes . aie, 
Limestone - . | Terebratulm, and other shells y 
Lias conglomerates . | Fishes, shells, corals, ‘ nah 











| Gryphite limestone Shells, principally gryphites os 3 

¢ + Le ¥ 

| Shelley limestone Terebratule, and other shells , ne t ; 

| Stonesfield slate . | Shells, reptiles, fishes, insects 

} Pappenbeim schist. . | Crustacea, reptiles, ian insects — 

‘ie { Shells, corals, crinoidea, reptiles, 

fishes ‘ ‘ . ‘ | bs 

| Ammonite limestone { | Sling hey » Principally 

| i "2 ” 
Coral rag . | Coral ini, ammoni 

| Tag . s orals, shells, echini, ammonites 

| Bradford limestone . | Crinoidea, shells, corals, * 


| Portland oolite . {| Ammonites, trigonie, and ma 
shells . r Z . . 


” 


| Purbeck 

1 Sus | 
yee a ; and Fresh water-shells and erustacea, | Wealden, 
| eathalias "Yin agen { Cyclades and other fresh-water 
| a crustacea, reptiles, fishes 8 
a My eo | Bones of reptiles, fishes, fresh- 
es aaa grit (some beds) | waietusatac 2 3 ie a 
Farringdon gravel . . | Sponges, corals, echini, and shells |Green sand. 
| Jasper and chert . | Shells . ‘ « bs Pe 
| Green sand , . «| Fibrous oophytes > ‘ ” 
“Chalk é : | Polythalamia and other animal- Cret 


| _ cules ; ‘ * . 
| Corals, shells, ammonites, be- 


| Maestricht limestone {|  lemnites, and other cephalo- ys 
jt ie | poda, reptiles ‘ P » 

| Hippurite limestone Shells, principally hippurites . . % 
| Hard chalk (some beds) | Echini and belemnites . ‘. ai 





| Flints phytes ; infusoria, &e., echini, 

shells, corals, crinoidea  . 
Limestone. . « | Fresh-water shells . «6 
Nummulite rock - | Nummulites . 


Septaria . 


{ Sponges and other fibrous i | 


Shells and corals * ‘ sa Ay 
es of mammalia (Paleotheria, 
Gypseous limestone { &e.), birds, reptiles, fishes. f 
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_— 
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pose WHOLLY OR PARTLY oF Axtat RewatNs 
, koe en a Ome / 
Cyprides, phryganea, fresh-water | 

Bonbreceia | Mammatia, and Wand shells |, 
Sub-Himalaya sand- | Bones of elephants, mastodons, } | 
stone. x } reptiles, & =. ‘ . 
Tripoli . ‘ | Infusoria . ‘ . ‘ | 














” 


Semiopal . ‘ ; | Infusoria . . or. - 
Hichmond.earth . .|Iufusrian. . » ~ «| med 

P } Human bones, land shells, and} | f Human 

Guadaloupe Vimestone { ‘onthe s i areal pour 
Berminda limestone . | Corals, shells, serpule, infusoria 7 
Bermuda chalk . . | Comminuted corals, shells, kc. o 
Semosbrs 5 «|imfesoria. . - <-+ -; ~ 

4 ‘ ; : ; . Tertiary. 


pus limestone . 





Even in this list, extensive as it is, numerous strata in which 
animal remains largely predominate, have been omitted. In the 
tertiary and more recent deposits, every order of existing 
animated nature is found. The bones of man, however, are 
confined to the superficial part, which has been formed since the 
globe was peopled by the races which now inhabit it. 

46, How completely changed the inhabitants of the earth have 
been from one geological period to another, may be inferred from 
the following observations of Sir R. Murchison. “ Beginning,” 
says he, ‘ with the vertebrata, are not the fishes of the old red 
sandstone as. distinct from those of the carboniferous system, on 
the one hand, as from those of the Silurian on the other? M. 
Agassiz has pronouneed that they are so. Are any of the erus- 
taceans, so numerous and well defined throughout the Silurian 
rocks, found also in the carboniferous strata? I venture to reply, 
not one, Are not the remarkable Cephalopodus mollusca, the 
Phragmoceras, and certain forms of Lituites, peculiar to the older 
Silurian system? Is there one species of the Crinoidea figured, 
known in the carboniferous strata? Has the Serpuloides longis- 

_simus, or haye those singular bodies the Graptolites, or, in 
short, any zoophytes of the Silurian system been detected in 
“the well-examined carboniferous rocks? And in regard to 
‘the corals, which are so abundant, that they absolutely form 
Jarge reefs, is not Mr. Lonsdale, who has assiduously com- 
multitudes of specimens from both systems, of opinion 


Ry 3a!) 





the two: 





77. These anticipations of Sir R. Murchison. 
than realised by the subsequent ff 
founded upon his own observations, which extended o 
portion of the New as well as of the Old world, and up: 
mass of facts connected with the analysis of the crust ee 
collected by the observations of the most eminent geologists in al fia 
parts of the world. It appears from these that during 
the long series of periods of geological time from the first appear- 
ance of organised life upon the globe, to the period in which the 
human race and the contemporaneous tribes were called into 
existence, the world was peopled by a series of animal and yege- 
table kingdoms, which were successively destroyed by violent 
convulsions of the crust, which produced as many devastating 
deluges. The remains of each of these ancient creations are de- 
posited in a series of layers or strata one over the other; and from 
an examination of them it has been found that each successive 
animal kingdom was composed of its own peculiar species which 
did not appear in any posterior or succeeding creation, but that 
genera once created were frequently revived in succeeding periods ; 
that many of these genera, however, became extinct long before 
the arrival of the human period ; that during the human period no 
new genus was called into existence, except that of the human 
race, which, however, according to the idea of the most eminent 
naturalists, ought to be regarded as an order rather than a genus. 

Each of the succeeding animal kingdoms which thus temporarily 
inhabited the earth consisted of many hundred species. Thus it 
has been ascertained by M. D’Orbigny, that there are deposited in 
the Cambrian or Lower Silurian strata not less than 418 species of 
the animals which inhabited the globe in the sirst period of its 
animalisation, and that these included specimens of all the prinei- 
pal divisions of animals from the Vertebrata downwards. 

It will be sufficient, however, for the present, thus briefly to 
indicate these important perms Bar i shall develop much 
more fully in the next volume of se 5 ; 

78. reheated explained, the strata, when originally deposited, ite 
must in all cases have had a horizontal i . 
position, and they must succeed each Panties or 
other in their normal order, whenever the : 
part of the earth at which they lie has 
undergone no disturbance subsequently 
to the date of their deposition, which has 
sometimes been the case with extensive 
plain countries, In such cases, there- 
fore, a section of the crust would exhibit them in 
horizontal layers, as in fig. 25. 
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being horizontal, they are variously 





inclined (fig. 26), and sometimes bent into, or even beyond, the 
yertical direction (fig. 27). 
When it is considered that at the time of their deposition the 
Fig. 27. strata must have 
been horizontal, it 
will be evident that 
the position shown 
in these figures could 
only have been given 
to them by a force 
acting from below, 
by which they were 
: ; heaved upwards, 
and by which the crust was broken, the igneous rocks having 
forced themselves through it. 

80. In such cases hills or mountains of greater or less elevation 
are formed, at the summits of which the igneous rocks which 
have been protruded through the stratified crust are at the 
surface, and the edges of the strata thus broken are ranged along 
the flanks, the lowest or most ancient being nearest the summit, 
and the others succeeding each other in their proper order in 
descending towards the adjacent valley or plain. 

81. It will be evident that the stratum whose edge is highest 
on the mountain is that which lies the lowest on the plain, and 
that whose edge is lowest on the mountain is that which is 
highest or nearest the surface on the plain, 

82. Insthe cases here exhibited the igneous rocks have split the 
stratified crust and broken quite’ through it. This, however, is 
not always the case. It often happens that the uplifting force 
loses its energy before the superincumbent strata are eracked, in 
which case they would cover the elevation preserving the 
order of their superposition, but would be, as before, inclined 
in accordance with the declivity of the hill produced by the 
ro foree. iad 
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83, In other cases the superior strata, but n teas 
broken through, as shown in fig, 28, The sigur ct ae ae 
nin . 





strata are then exposed upon the flanks of the elevation, and are 
ranged as above described ; while the inferior strata, not disrupted 
retain their natural order upon the summit, 


In other cases (fig. 29) the disruption is complete, and the 





broken strata are ranged on each of the opposite declivities in the - 


same order as already described. 

84, It happens often that after the cessation of the disturbing 
force, by which the strata have been uplifted, the land having 
been again submerged, new depositions take place, the strata of 
which are of course horizontal and superposed upon those ren- 
dered oblique by the previous disturbance. This sort of super- 
position of strata is called by geologists discordant or unconform- 
able stratification, and wherever it oceurs it affords evidence of 
the action of a disturbing force from below, the geological date of 
which can be determined with more or less precision by a due 
examination and comparison of the superposed strata.  * 

Cases of this kind of discordant stratification are shown in fig. 
28 and fig. 29, in both of which horizontal strata deposited upon 
the oblique strata, are disposed along the slopes of the elevation. — 

85. It is evident that the epoch of the action of the disturbing 
force must, in all cases, have been posterior to thatof the deposition 
of the inclined, that is, of the disturbed strata, It is equally 
apparent that the disturbing action must have wwuetlnne the 
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ep of the lowest of the superincumbent horizontal strata, 

late of th is therefore fixed geologically at some 

Soeee Gstaad Yasar’ of tks Aegeelian of. tba toro, eirnts. just 


mentioned. Now whenever it so happens that the lowest, and, 
therefore, the first deposited of the horizontal strata, stands the 
next in order above the highest of the inclined strata in the 
geological seale, the date of the disruption is geologically fixed, 
being at the epoch between the deposition of two strata which 
follow each other in immediate succession. 

But if, as often happens, the lowest of the horizontal strata 
hold a place in the geological scale separated from the highest of 
the inclined strata by several intermediate layers, which are 
locally absent, then the date of the catastrophe becomes more 
uncertain, inasmuch as it may have taken place at any epoch 
between those of the depositions of the highest of the inclined and 
the lowest of the horizontal strata. 

86. Nothing is more beautiful or conclusive than the reasoning 
by which the geological dates of mountain-ranges have been 
determined by these means. One of the most interesting con- 
sequences resulting from the observation of such discordant 
stratifications as are here described, is the means they afford 
geologists of determining the relative ages of different ranges of 
mountains, Thus, for example, it is easily demonstrated that the 
mountains of Cumberland, Lammermuir, and the Grampians were 
raised above the surface of the ocean long before the Alps had 
burst the crust of the earth, and before even the continent of 
Europe was dry land. An examination of the slopes of these 
British ranges shows that the strata dislocated and inclined are 
those of the old slate and limestone, while the level strata super- 

upon them in the adjacent plain are the more recent ones of 
the red sandstone. It follows that these ranges were raised above 
the waters posterior to the epoch of the deposition of the old slate 
and limestone, but antecedently to that of the red sandstone; and 
since the red sandstone has been deposited horizontally along their 
base, it follows that the land surrounding them was covered with 
water subsequently to their elevation. 

An examination of the Alps gives a very different result, On 
the flanks of these mountains the tertiary strata are found 
inclined, sloping downwards, until they become level upon the 

ral surface of Europe. It follows, therefore, that the date of 

the disruption to which the Alps owe their elevation was poste- 

rior to the deposition of the tertiary strata*upon the European 

continent, while the elevation of the British ranges aboye men- 

tioned was anterior to the deposition of the red sandstone; from 

‘which it follows that the Grampian, Lammermuir, and Cumbrian 
74 
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mountains were dry land, while the greater part of the continen 
of Europe was covered by the ancient cota ana die bem 
Alps were reared above its surface, : ~ Oe hea 

In a subsequent tract this subject of the relative ages of the 
mountain system will be more fully developed. sayy 

87. From what has been here explained, and from inspection 
of figs. 26 to 29, the manner in which geologists haye been 
enabled to analyse the crust of the earth to depths far exceeding 
any which could be reached by direct excavation, mining, or 
boring, will be easily understood. Nature herself, by these pro- 
digious disruptions, has exposed to view the structure of the 
sedimentary strata in all cases where no subsequent deposition 
has takeri place over them. By such disruptions it often happens 
that the strata are inclined over a large extent of country, the 
surface of which, intersecting their planes at a very oblique 
angle, is necessarily formed by the section of the strata in the 
order of their superposition, the breadth of the severa! seetions 
being so much the greater, the more oblique the angle formed by 
the horizontal plane with the planes of the strata. 

In fig. 30 the strata are represented inclined very slightly from 


Fig. 80. 





the ndieular, and consequently the breadth of each stratum 
at + sep re is very little greater than its actual thickness ; but 
it will be easily understood that if the obliquity of the strata to a 
level plain were greater, a very thin stratum would presentat the 
surface a considerable breadth. Supposing then the: complete 
series of strata in any qe of pean grr ata 
oblique angle to the level plain, i 1 ( 
in teavelling in a direction at right angles to the lines of intersee~ 
tion of the strata with the surface, the suceesston of strata - 
be examined, and a much greater extent of their thickness sub- 
mitted to observation, than could be accomplished by any artificial 
sections of horizontal strata. : lees 

88. Among the indications afforded by discordant stratifications 
of past conyulsions to which the land has been subject, am rome 
























on sudden changes of level of their bed, and of the parts of con- 
tinents over which they have swept, strata already formed have 
been partially broken up and carried away by currents. Excava- 
tions, such as that represented in fig. 32, are explained in this 
manner, 

in Fig. 82. 





Tn such cases it has often happened that the waters under 
which such broken strata were submerged, having again become 
tranquil, a new series of strata have been deposited horizontally, 
filling up the excavation thus formed, as shown in fig. 33. 





89. Closely allied with the matter ejected from volcanoes are the 
Basaltic deposits, which form so grand a feature in the scenery of 
many countries with which travellers are familiar, 

Ali the circumstances and characters which attend these rocks 
conspire to show that they have issued from openings in the crust 
of the earth in a state of fusion much more complete than that of 
voleanie lava, and in the process of cooling have, in many cases, 
been crystallised, so as to assume those remarkable varieties of the 
columnar form, so conspicuously developed in the north of Ireland, 
the Scottish Islands, and many other parts of the world, 

The Basaltic rocks are characterised by a dark colour and a 
compact base of the mineral called Labradorite, including black 
pyroxene, generally the magnetic oxide of iron, frequently 
peridote, and sometimes crystallised feldspar, to which they owe 
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: 0. The Stl basalt often assumes the form of prism 
in process of crystallisati consequent ; 

Mr. Gregory Watt imitated this artificially iy ist ; 
Dudley basalt to fusion and causing it to cool when 
globular masses were formed, which gradually enlarged and 
Pressed one against the other, until they forced themselves into 
— columns, resembling in all respects those of natural 

asalt, 

In some places basalt forms vast plateaux of considerable thick- 
ness, in others it is found in detached sheets of less extent, at 
points of mountains, more or less distant one from the other, and 
at the same level, as if it had originally been a single sheet and 
had been disrupted, by the convulsions of which the mountains 
have been the result. 

In some cases the basalts form isolated masses or mounds rising 
in the midst of plains, altogether removed from all similar forma- 
tions. They are also often found in veins in the strata of the 
earth, like those of minerals, They sometimes also present them- 
selves as extensive walls, or in a series of separate mounds having 
a common direction, When basaltic rocks are presented in the 
form of sheets or mounds, the upper part is generally composed of 
porous cellular scoriform matter, irregularly divided, and termi- 
nated’ below by a plane surface, sensibly horizontal. When the 
mass is composed of several layers, these layers are separated one 
from another generally by thin beds of rapilli.* . 

91. Basaltie deposits are much more extensively scattered over 
the surface of the globe than those of ordinary yoleanio origin. 
Unlike yoleanic products, they are not confined to particular cen- 
tres of action, but appear to have been produced wherever the 
terrestrial crust, yielding to the pressure from below, was rent 
so as to give issue to the fused matter. In the British Isles ba- 
saltie products are found in various places, and more parti 
in the north of Ireland and Scotland. , In France bag cio found 
everywhere from the northern part of Auvergne to ‘ 
an to Toulon, On the borders of the Rhine they extend 
from the Ardennes to Cassel, and are continued eastward into 
Saxony, Bohemia, and the surrounding countries. They prevail 
to a great extent in Iceland, are recognised in the West India 


Islands and St. Helena, in the island of Ascension, and in almost 


all the islands of the southern ocean, ‘ 

92, The tendency of these rocks to form themselves into pris~ 
matic columns has more especially excited the attention —_— 
curious, In some cases all the prisms converge to the summit 
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they take the form of close columns with the most picturesque 
aspect. In othersagain, these columns, cut off at a certain level, form 
a sort of mosaic pavement, to which the name of causeway has 
been given. Of this one of the most magnificent examples is pre~ 
sented in the case of the Giant’s Causeway, in the north of 
Treland. 

93, Examples of similar formations are presented in different 
parts of Europe, and especially in the Vivarais, in the department 
of Ardéche, in France. A remarkable series of basaltic causeways is 
there presented on the banks of the river Volant, between Vals and 
Entraignes, a view of which is given in fig. 31, p. 33. The colon- 
nades of Chenavari, near Rochemaure, fig. 34, and the dykes which 
are near the same place, fig. 35, present examples of other varieties 
of basaltic forms. 

94, Basaltic rocks, having all the prismatic characteristics above 
described, are frequently presented in the form of mineral veins. 
Examples of this are found in the central parts of France, and also 
on the borders of the Rhine. Most commonly the matter composing 
the vein is compact or divided by irregular cleavage, but it also 
sometimes exhibits the prismatic form, the axis of the prisms being 
horizontal, fig. 36. 

95. When basalts take the form of a mound, the lower part 
of the mass often presents a multitude of appendages which 





Fig. 34,—Colonnade of Chenavari, 
near Rochemaure. 


penetrate like roots into the subjacent earth; showing that the 
matter in a liquid state had flowed into the crevices, and 
moulded itself there. The earth thus in contact with ta 
basaltic mass is often found calcined to a considerable depth 
and the vegetable remains which it includes are dictseind: 
Examples of this are presented upon the cliffs of the plateau of 
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BASALTIC GROTTORS AND CAVES, 
Mirrabel, in the Vivarais, descending towards St. Jean le Noir 


Fig. $8, 






Lamy 
if nl AHA 


idl 





96, Grottoes, caves, and tunnels are often found in the midst of 
these basaltic masses, and in those of trap rocks, which have a 
close analogy to them. Examples of this may beseen in the Viva- 
rais, on the borders of the Rhine, near Bertrich-Baden, between 
Tréves and Coblentz, where the columns forming the grotto con- 
sist of rounded blocks superposed, resembling a pile of cheeses, 
from whence the grotto has received the name of Kase Grotte, or 
Cheese Grotto, fig. 39. But by far the most magnificent of these 
basaltic grottoes is the celebrated Cave of Fingal, in the Island of 
Staffa, fig. 37, p. 49. 
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Fig. $9.—The Kase Grotto of Bertrich-Baden, 


97. Another eruptive product of the terrestrial crust, still mene 
extensive than the basalt, is the trachytic rocks, which form tue 
celebrated Puy-de-déme, in Auvergne, the Mont D'or, the — 











— —* 
. - the Mézeno, and the lég upon the borders of the Velay and the 
_ Vivarais. They also on the right bank of the Rhine, and 
the Siebengebi ‘form immense groups in Hungary and 


Transylvania, in the Caucasus, in Greeee, where their continuation 

appears in the islands of Milo and Argentiera and extends to the 

centre of Santorin. They reappear in the Lipari Islands, in the 

CG ia, in the Euganean mountains, in the Azores, in the 

Canaries, in South America, where the loftiest heights of the Cor- 

dilleras are composed of them, in Central Asia, and in many of the 

islands extending along its coast to Kamschatka. 
98. The trachytic formation presents itself not only in isolated 

mounds, narrow bands, and sheets seattered over the surface of the : 

globe like those of the basalt, but also in vast mountains, gene- 

rally assembled in large groups, forming the most elevated masses 

and covered with terrific asperities. Their flanks are torn by 


precipitous valleys and deep gorges. 


99. The matter composing these vast accumulations was evi- 
dently ejected from the bowels of the earth by the disruption of 
the crust, issuing in a state of pasty fusion through the opening 


thus made in the superjacent stratified rocks, fig. 40. : THE CRUST OF THE EARTH 
Fig. 40. : : ; 
. ' OR, FIRST NOTIONS OF GEOLOGY. 
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CHAPTER IY. 


100. Elie De Beaumont’s explanation of the formation of mountain chains 
—101. Effects of the earthquake of 1838 in South America.—102. 
Inference as to the probable effects of the vast earthquakes which 
produced the great mountain ranges. —108. Dislocations in paral- 
lel directions produced parallel chains.—104. Origin of mineral 
veins explained. —105. Veins are found in groups—generally parallel. 
—106. Deposition of rock-salt in cavities of Muschelkalk.—107. 
Natural agencies still manifested are sufficient to explain all geological 
phenomena.—108, Internal fluidity of the earth—109, Effects of in- 
ternal heat onsthe surface. —Why the climates of the higher latitudes 
at former epochs were similar to those of the tropics at present— ex- 
planation of the presence of tropical fossils in polar latitudes. —110. 

“he undulations and disruptions assumed by geologists as i | 
causes still proceed, though with less energy.—111. Effects of earth- 
quakes—that of Calabria, 1788,—112. Effects in Sicily. —118. Earth- 
quakes at Chili.—114. Earthquake of 1819 in India, —115. Like 
phenomena recorded in all ages and countries. —116. Similar phenomena 
traditional—island of Atlantis.—117. Permanency of the sea-level 
proves the undulations of the land, —118. Undulations of the Swedish 
peninsula,—119. Similar changes in Greenland, and in the Indian 
archipelago, —120. General sinking of South America,—121. Singular 
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Te of yi —123. Historical researches of Professor 
Forbes. —124, ‘a submerged city under Lough Neagh.— 
125. Why these of the earth's crust might be expected.— 


¥ disruption of the crust.—127. Voleanic eruptions of 
1808 in the Azores, —128. The Monte Nuovo. 


100, Tue formation of cracks and fissures in the crust of thy 
globe has been ingeniously explained by M. Elie de Beaumont, as 
the natural and necessary consequence of the process of superficial 
cooling taking place upon a globular mass of matter in a state of 
fusion. 

To render intelligible the reasoning and theory of this eminent 
geologist and naturalist, let us suppose the globe, as we have for- 
merly described it, to have been originally in astate of igneous 
fusion, and to undergo a gradual superficial cooling, by which a thin 
solid shell would be formed upon it, The contraction of this shell, 
taking place from its inner towards its outer surface, would leave 
a vacant space between the central mass in fusion and the concave 
interior surface of the solid shell. Supposing also, as we have 
formerly explained, that after the external surface had fallen below 
the temperature which maintains water in a state of vapour, the 
atmospheric vapours, being condensed, had fallen in rain ; the ex- 
ternal surface of the terrestrial spheroid would then have been 
covered with an ocean of uniform depth and would consequently 
have been totally destitute of land. 

An imaginary section of a part of the terrestrial crust in this 
state is represented in fig. 41, where 4 is the solid erust, a the 
liquid central mass, d the intermediate vacant space, and e the 
ocean of uniform depth covering the entire surface, 


Fig. 41. 
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But the state of equilibrium which would maintain this state 
of things could not continue, The internal fluid matter would 
more or less upon the thin crust surrounding it, which being 
unequal in its structure, would offer proportionately unequal re~ 
sistance, and consequently yielding at its weakest points would 
Be dislocated as shown in fig. 42, the fragments being thrown 


infinitely various positions, Thus the piece ing tilted 
spiiquely, would be raised at one end above the 2 baing. ited 
ocean, depressed at the other. It would, therefore, form a chain of 
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mountains with a gentlo declivity on one side, and abrun 
on the other, such as the oat and ark on hh 
the two parts fractured would form gentle declivities on 


asath. The matter in fusion within the crust forcing its ; 
upwards in the opening between them would be solidified. by the 

process of cooling on arriving above them. Thus chains of moun- 

tains would be formed of moderate declivities on both sides, having 

igneous rocks at their summits. 

In fine, some fragments, such as e, would remain nearly level, and 
would be pushed above the surface, in which case they would form 
extensive plains of dry land, or might remain below it, in which 
ease they would form the bottom of a shallow sea. 

Thus we may understand in its most literal sense the brief 
description of the formation of the earth in the sacred records: 
‘God divided the land from the water, and saw that it was 
good.” 

Such dislocations of the terrestrial crust would not be confined 
toa single catastrophe, but would from time to time be reproduced. 
According as, by the continued process of cooling, the solid erust 
of the earth became thicker and thicker, a vacant space would 
still be produced between its inner surface and the central fluid 
matter, and like consequences would from time to time ensue, so 
that the history of the earth would consist of a series of conyul- 
sions by which its crust would from age to age be disrupted, new 
chains of mountains being formed, and new continents being raised 
above the waters of the ocean and former ones submerged. Move- 
ments of the waters would necessarily attend each such convul- 
sion, compared with which the most violent oceanic commotion 
with which we are familiar is tranquillity itself, 

101, It is related that the earthquake of 1838, which took pla 
at Chili, in South America, although it did not change the le . 
of the continent by more than a few feet, produced effects at the | 
enormous distance of 4000 miles, extending even to the 9 
Oceania, ‘The earthquake on the coast of Peru laid in ruins all 
the towns along he shore. At the moment of the shock, the 
waters of the ocean, raised with violence, were poured ee, 
coast, carrying with them an immense mass of sand and pn 
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“THE CRUST OF THE EARTH, 
nd spo v Is of the largest tonnage to a distance of 

102. When such effects arise from a change of the surface not 
exceeding a few feet in elevation, it may be imagined what pro- 
digious deluges must have been produced when the Alps and 
Pyrenees were raised to their present altitude from the ordinary 
level of the earth’s surface, or when the chain of the Andes was 
elevated by a dislocation, which must have extended over nearly 
3000 miles of the earth’s surface. 

Tt cannot then be doubted that the consequence of such con- 
yulsions would be universal ; and some idea may be formed of the 
extraordinary ravages which the frightful deluges consequent 
upon them would occasion upon the surface of the earth, especially 
at the moment when all levels of land and sea were changed in 
consequence of the dislocation which caused them, and when a 
considerable mass of sediment still in a movable state was trans- 
ported by the torrents of the ocean. It will not be considered 
extraordinary, that all the terrestrial animals should be at once 
destroyed by the immediate action of the waters, while the marine 
animals would suffer equal destruction by the violent transport 
of the terrestrial matter swept among them. 

103, M. Elie de Beaumont has shown that these movements of 
terrestrial dislocation have never been partial, but that each of 
them has been produced along lines, having one uniform direction, 
as may be seen in the case of the Pyrenees, of certain ranges of 
the Alps, and upon a still greater scale in the case of the Andes 
and the Himalayas. We shall show more fully hereafter that the 

1 lines of mountains have been raised at the same epoch, 
and that the succession of convulsions by which the ranges of 
mountains haying different directions were produced, ean be de- 
termined, and their geological dates assigned with more or less 
precision. 

104. The cireumstances which have been explained, attending 
the past history of the earth, have also produced cracks and 
fissures in its crust, through which the central liquid matter has 
been forced, and in which it has been solidified, forming veins of 
mineral matter different altogether from the strata which they 
intersect. ‘These veins often contain earthy matter, such as 
carbonate of lime, sulphate of baryta, and quartz, in which case 
‘they offer but little interest. They are, however, more frequently 
filled, either wholly or partially, with metalliferous substances, in 


mes 


hich case they acquire great importance, tallif 
a oss y found either in the ignedlls-or in. the most 
ancient of the stratified rocks. = 
"105. It is rave that a single vein is met with, Most commonly 
Bt 
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great numbers prevail in the same system of strata, ener 
take a direction nearly parallel. Fig. 43 shows a trans 
section of such a sys- 


Fig. 43. 
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tem. The si 

of the mineral matter 
which fills them de- 
monstrates their com- 


* mon origin, It often 


happens that one sys- 
tem of such veins is 
intersected by another, 
presenting mineral 
contents totally differ- 
ent from the former, 
These are called cross 
veins. It is rare that 
a vein is completely 


filled with metalliferous matter. Most commonly, these sub- 
stances form threads, a, b, c, d, e, f, g, fig. 44, more or less 
irregular, included in the middle of the stony erystalline matter 


which fills the vein. The thickness of 
the metalliferous thread yaries at dif- 
ferent parts of the vein; at some points 
it is considerable, and at others be- 
comes very small, often vanishing 
altogether, 

106. Numerous cayities are often 
formed in the midst of stratified rocks, 
probably by the dissolving action of the 
subterraneous waters, Such cavities, 
which are met with in all the sedi- 
mentary strata, are generally filled after 
their formation with new substances 
totally different from the surrounding 
rock, It is thus that masses of rock- 
salt are found in the Muschel-kalk 
and in the Marnes Irisées, fig. 45. 

Similar masses of carbonate of zine, 
as formed in the upper part of a stra- 
tum of transition limestone, are shown 
at cc, in fig. 30, 

107. Sinee the memorable revolution 
effected by Bacon in the conduct of phy- 
sical inquiries, a maxim has been uni- 
yersally admitted and adopted, in virtue 
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Fig. 44. 





of which, in the formation 
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~ 9c Sma to have real 
exist d which, being admitted, appear to be sufficient 
to produce the phenomena which it is put forward to explain, In 
accordance with this rule, geologists are therefore required to show 
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that the elevated internal temperature of the globe, those 
upheavings and disruptions of land, those sedimentary deposits 
from water, those ejections of fluid and pasty matter from clefts 
and caverns, those abrasions of the solid crust by the corroding 
action of water, and its modifications by the action of the atmos- 
phere, are severally real agencies still, in visible operation, and 
producing effects similar in kind though different in degree 
from those ascribed to them in geology, and also that even the 
difference in degree, which must be admitted to be often very 
considerable, admits of satisfactory explanation, , 

Before, therefore, proceeding further in the exposition of the 
phenomena disclosed by the labours of geologists, we shall here 
pause for the purpose of showing the reality of the various phy- 

causes to which geologists have ascribed the phenomena. 
We shall see that like phenomena have been, and still are, 
developed on the surface of the earth; and that the reasons why 
these agencies were more energetic at remote epochs than at 
present are sufficiently obvious. 

108. It has been already very fully explained in our Tract on 
‘Terrestrial Heat,” that in descending deeper and deeper through 
the crust of the globe, the temperature continually rises; so that 
at a depth which forms a very insignificant fraction of the semi- 
diameter of the globe, the materials which constitute it must 
have a temperature altogether incompatible with their continuance 
in the solid state,—a temperature, in short, which is above the 
point of fusion of the most refractory of these materials, 

109. The superficial heat of the earth may be considered 
therefore, to result from the combined effects of solar and teternel 
bante In the present condition of the globe, the effects of the 

8 





tp fete sa Te 





former are incomparably greater than of the : at it: the 
‘imagined that at earlier epochs, when the solid crust of the 

was much less thick, the internal heat produced upon the sur- 
face a much more powerful effect; so that the climates of all 


parts of the globe must have been much more elevated than at 
- present. Numerous effects compatible with this reasoning have 


been discovered by the researches of geologists. Thus, the 
organic remains of animals and plants found in the 
strata deposited at earlier epochs in the growth of the globe, are 
sueh only as could have lived in climates of a much more elevated 
temperature, than those which now characterise the latitudes in 
which they are found. Thus, the fauna and the flora (terms 
adopted by naturalists to express the entire collection of animals 
and plants existing in any place) prevailing in high latitudes at 
remote epochs, were such as could/’exist at present only within 
the tropics. 

110. The alternate upheavings, depressions, disruptions, and 
dislocations of the crust of the earth assumed by geologists im 
their explanation of the phenomena are still exhibited, though 





in the phenomena hep owe 
‘ {fects have been so fully explained in our 
~ fg Jeanoes,” that little need be added to 


f tated. As these phenomena are mani- 
what has been there sta en a 


on a much smaller scale, 
quakes. Mi 
on “ Earthquakes and Vo 


fested at present, they are mos > 
though scuiginst their effects are spread peptone ere! 
an entire hemisphere. preg es a a _— 
4eland of Ischia, on the 2nd of Febru); 

ome slightest degree either in the neighbouring — mad = 
the Continent; while that of New Grenada, whieh ae 
‘the 17th of June, 1826, exercised its influence a re 

cand square miles. The earthquake which commen = 
in 1755, and which has been fully described in @ arash roe 
‘extended in one direction to Lapland, and in the ~ 
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Mequinez were destroyed by it, Its effects were manifested in al] 
parts of Europe at the same moment. 
111. These convulsions not only destroy entire cities and over- 
turn the most solid edifices, but they are attended with important 
modifications in the levels of the ground. Those of Calabria, in 
1783, supply remarkable examples of them, and are so much the 
more worthy of attention, as they were cireumstantially described 
by several eminent men who were witnesses of the phenomenon, 
such as Vicencia, physician of the King of Naples, Grimaldi, Sir 
W. Hamilton, and by a commission of the Royal Academy of Naples. 
The whole extent of the country was convulsed, the beds of the 
rivers were changed, houses were, some raised above the general 
level, and others at short distances from them sunk below it; 
edifices of the greatest solidity were cracked in their walls, while 
certain parts of them were raised above others, and their founda- 
tions in many instances forced above the earth ; crevices were 
formed in the ground, some of which measured five or six hundred 
feet in width; some were straight, some bifurcated ; sometimes a 
single enormous cleft having a certain direction was intersected at 
right angles by a number of others, fig. 46 ; others were developed 
in clefts radiating from a centre, like a broken pane of glass, fig. 47. 
Some crevices laid open at the moment of a shock, and into which 
entire buildings had fallen, closed almost immediately again, 
crushing between their sides all that they had thus engulfed. 
In some cases the sides of the cleft were separated at the surface, 
but brought into contact with each other at a certain depth, figs. 
48-9, In other cases, the parts disrupted merely sunk below thi 
other without ceasing to be in contact, fig. 50, 





In other eases, the force which burst the superior crust was 
sufficient, not merely to split it into different clefts, but to pro- 
in it a vast cavity, from the edges of which clefts diverged, 


, 51. 
am some eases a considerable tract of ground was suddenly 


engulfed, carrying with it the plantations and buildings which 
88 : 


pang gulf, with sides nearly 








: ae 
chanced to be upon it, and leaving nothing but 
vertical, from 300 to 400 feet Fig Sl a3 
deep. In some instances an : inate 

immense quantity of water 
was collected in the cavities, 
and formed lakes more or less 
considerable in magnitude, 
some of which had no ap- 
parent issue, while the water 
from others flowed in enor- 
* mous torrents, In other cases 
the contrary effects were mani- 
fested, rivers and lakes sud- 
denly disappearing as if they had sunk into the bowels of the earth, 

112. While the principal of these earthquakes upon the Italian 
peninsula was limited to the tract between Oppida and Soriano, 
the phenomena were propagated under the straits of Messina to 
that city, more than half of which, with twenty-nine surrounding 
towns and villages, was swallowed up. The bottom of the sea 
sunk, the shores were torn by clefts, and all the ground along the 
harbour of Messina was inclined towards the sea, sinking sud- 
denly to the depth of some feet. The entire promontory by which 
the entrance to the harbour was formed, was swallowed up in an 
instant. 

113. The earthquakes which took place on the coast of Chili in 
1822—35—37, produced effects not less remarkable, Different 
parts of the coast from Valdivia to Valparaiso, an extent of more 
than 200 leagues, was manifestly raised above the water, as well 
as several adjacent islands extending to that of Juan F ernandez, 
The bottom of the sea, to a considerable distance, was similarly 
affected. Upon the coasts, rocks formerly covered with water, 
were raised eight or ten feet above the level of the sea, covered 
with the sbells attached to them, Rivers, which emptied them- 
selves at different parts of the coast, and which were navigable 
to vessels of small tonnage, became fordable. At sea, well known 
anchorages were diminished in depth; and various parts, where 
vessels formerly passed safely, were now complete shoals, inacces- 
sible to vessels except those of the lightest draught, leas 

114, Similar effects were manifested in India in 1819. A hill, 
60 miles long, and 18 wide, extending from S.E, to en 
raised in the middle of a flat pee! barring bee pene 
Indus. Further south, and in a parallel direction, Soy a 
sunk and with it the town and fort of Sindré, which remained, how- 
ever, standing, though half submerged. The eastern 9 


































ceased to be so. 

115, In the records of all ages and countries, effects of the 
same kind are recorded. Large crevices in the earth have 
heen formed, deep gulfs opened, into which cities, and even 
whole countries, have sometimes been swallowed up. From these 
aoe, mephitic vapours, water in enormous quantities, some- 
times cold, sometimes warm, have been ejected, and, occasionally, 
even flame has issued. Plains have been suddenly transformed 
into mountains, shoals produced in the deepest seas, mountains 
evacked and overturned, and mountainous tracts, many hundred 
miles in extent, suddenly levelled or replaced by deep lakes ; 
rivers, turned from their beds, have discharged their waters into 
eavities thus formed; lakes, breaking through their banks, have 
been emptied, and their bottoms left dry, or have been turned 
through subterraneous openings suddenly formed beneath them. 
On the contrary, in some cases numerous springs, natural artesian 
wells, have been formed, supplying waters which suddenly issued 
from crevices of the rock or from tunnels. Thermal springs have 
been suddenly rendered cold, or altogether dried up, while others, 
on the contrary, have been produced where none existed. 

All these, and many other phenomena, indicate the existence of 
internal convulsions, by which the matter subjacent to the crust of 
the earth is driven upwards through its crevices. 

116. Independently of the phenomena of this class which are 
authentically recorded in history, many others are subjects of 
tradition. Thus, Pliny relates a tradition that Sicily had been 
separated from Italy, Cyprus from Syria, and Eubea from Bootia, 
by earthquakes. According to another classical tradition, a great 
island called Atlantis existed in ancient times west of the Straits 
of Gibraltar, having a numerous population, Its princes invaded 
Africa and Europe, but were defeated by the Athenians and their 
allies, Its inhabitants afterwards became wicked and impious, 
and the island was visited with the vengeance of the Gods, and 
swallowed up by the ocean in a single day and night. This 
legend is given by Plato, and is said to have been related to 
Solon by the Egyptian priests. According to all the analogies 
supplied by the phenomena described above, there is nothing 
impossible, or even improbable, in that part of this legend which 
refers to an island being engulfed by the ocean. 

"117. The cases in which the dry land has been invaded by the 

sea, or the bed bet pee left ary va ike 1a ge of the waters, 
ly, and even by the scientific of former 

sa ihed ‘ty the change in the level of the waters of the fat 

nos aaa producing inundations, and their fall leaving 


. 





a corresponding depression was prod 
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tracts, formerly covered, dry. Considering t 
rently permanent promo. the land on the one 
extreme mobility of water on the other, such a 
natural, and almost inevitable, until clear evidence of the 
trary was obtained. It has, however, been proved that 
reverse has been the case of such phenomena, the y aj 
taining to the land, and the permanence to the sea. It has t 
shown, by observations made upon the level of the ocean, that it 
has not suffered any gencral change within historic times; but, 
on the contrary, that the cases in which the land has been inun- 
dated by the ocean must be ascribed to the sinking of the land, 
and those {n which the waters have deserted their bed to the 
rising of the bottom of the sea. 

118. ‘These changes in the level of the crust of the earth have 
been in some cases sudden, as when they are produced by earth- 
quakes, but in others they have been so gradual that they ould 
only be ascertained by observation extending over long intervals 
of time. It had been long observed in different parts of Sweden, 
that the level of the surrounding ocean was subject to an apparent 
but slow and gradual change, in some rising, in others 
falling. The Academy of Upsal, in 1731, commenced a series of 
observations with a view of determining the fact whether this 
apparent change of the ocean were real, or whether it were not 
caused by an actual change in level of the land. Marks were 
accordingly cut upon the faces of rocks at the level of the sea, and 
at the end of some years these marks were several inches above 


that level, from whence it was in the first instance inferred that. 


the Baltic had #uffered a depression of its level, so as to leave 
more or less of the bottom dry. These observations, however, 
being continued and multiplied, it was soon rendered apparent 
that, while the level of the Baltie remained unchanged, the 
phenomena were produced by actual changes in the level of the 
land. It was found that the apparent depression of the level of 


the ocean was different in different places, and that in some 


places, on the contrary, it appeared to have been even raised. 
Thus, while at certain points the apparent depression 

several inches, in others it did not afi 
at some places, such as the coast near Christianstad, 


" 


the sea appeared to be elevated. The conclusion deduced from © 


all these observations was, that the apparent change of level 
sea was produced by a slow and gradual uj ea of the 
some places, and a sinking in others; that in Pim and 
great part of Sweden, the surface was r 
any pereeptible shock, while in the southern parts of the peninsula 
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ul as well 
low islands of the coast as upon the mainland, have been 
submerged, and the removal to considerable distances 
f various establishments which formerly existed upon the 


coast, has been rendered necessary. Similar sinkings of the surface 


have been manifested in certain islands of the Southe 

especially in the Indian Archipelago. ee 
120, It would even appear, from a comparison of the observa- 
tions of Messrs. Boussingault and Humboldt, separated by an 
interval of thirty years, that the whole continent of South 
America is gradually sinking, and, if this process be continued, 
at some distant epoch it may even be submerged. The observa- 
tions* referred to show that the altitudes of the Andes at the 


* epoch of the observations of Boussingault were less than those 


given by the anterior observations of Humboldt; and these 
results are confirmed by the fact that the snow-line in this 
range of mountains has, in the interval referred to, apparently 
risen. ’ 
; 121, An interesting modern example of the subsidence of a con- 
siderable tract of country, clothed with forests, the trees remain- 
ing erect, although submerged beneath a river which still flows 
over them, is described by a late American writer, and will 
serve to illustrate these remarks. The whole district, from 
the Rocky Mountains on the east, and the Pacific Ocean on the 
west, and from Queen Charlotte’s Island on the north, to Cali- 
fornia on the south, presents one vast tract of voleanic formation 
Basalt—both columnar, and in amorphous masses, veins and 
dykes—everywhere occurs, and craters of extinct volcanoes are 
still visible. Elevations and dislocations of the strata have taken 
place on an immense scale ; and successive beds of basalt, amyg- 
daloidal trap, and breccia, prove the alternation of igneous asi, 
and periods of repose. Within a few miles of the falls of the 
river Columbia, and extending upwards of twenty miles, trees are 
seen standing in their natural position, in a depth of wate from 
20 to 30 feet. The trees reach to high or fresh-water mark, which 
is 15 feet above the lowest level of the tide; but they do oa 
project beyond the freshet rise, above which their tops peice a 
and gone. In many places the trees are so numerous, that wha 
to pick our way with the canoe, as through a forest. Th 
water of the river was so clear, that the position of the trees stew 
be distinctly seen, down to their spreading roots, and they are 


siatins as in their natural state, before the country had : 














submerged. Their undisturbed position pro 
must have taken place in a tranquil manner,” * 
122. Another most interesting and remarkable exampl 
alternate elevation and depression of the surface of the 
manifested within historic times, is presented in the case of the 
ground upon which the temple of Jupiter Serapis stands, at 
Pozzuoli, near Naples. These rains, standing on the northern 
shore of the Bay of Baiw, at a short distance from the Solfa- 
tara, consist of the remains of a large building of quadran- 
gular form, 70 feet in diameter, the roof of which was originally 
supported by 46 columns, 24 of which were granite, and 22 
marble, each column consisting of a single stone. Many of 
these pillars are broken, and their fragments strewn abont 
the pavement, but three of them still remain standing (fig. 
52), Their base is near the level of the sea. The surface of 
the columns, the tallest of which is 42 feet in height, is smooth up 
to an elevation of 12 feet from the pedestal, where a band of 
perforations 9 feet wide commences, made by a species of mussel, 
called the, Modiola lithophaga, which could only have lived in 
sea-water. Above this band, at the height of 21 feet from the 
pedestal, these cavities are discontinued, and the remainder of the 
pillars are smooth, like the lower part. The cavities, many of 
which still contain shells, sand, and microscopic shields, are of 
elongated elliptical shapes, and so numerous and deep as to prove 
that the pillars must have been submerged in sea-water to a 
height more or less above the limit of these borings, for a long 
period of time. The lower part of the columns, which are not 
similarly affected, must have been protected, while they were 
submerged, from the depredations of these boring mussels by 
surrounding accumulations of rubbish and tufa, while the upper 
parts projected above the water, and were consequently beyond 
the reach of these animals. ; 

The platform of the temple is now about one foot below high- 
water mark, and the sea, which is only 40 yards distant, penetrates 
the intervening soil. oat na BASHY of the band of perforation 1s 
at least 23 feet above the level of the sea. ' 

It appears from all this, that the ground on which the temple 
stands must have changed its level more than onee, being alter- 
nately heaved upwards and downwards, Tt is clear es be 
the temple was built, the ground of its foundation must cig 
have been high and dry, but remote from the shores of | ph 4 
and at some subsequent period must have sunk gradually, and 


ins, by the 
* Journal of an Exploring Tour beyond the Rocky Mountains, hy the 
Rev. Samuel Parker, A.M. New York, 1838. on 
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123. It results 1 the researches of Professor Forbes upon 
this subject that historical evidence is extant illustrating the 
respective dates of these changes of level. From inscriptions 
recording the embellishment of the temple by Septimius Severus 
(A.D, 193—211), and Mareus Aurelius (4.9, 161—180), it appears 
that the building was still entire, and occupied its present posi- 
tion at the close of the second and commencement of the third 
century ; that in s.p, 1198, the eruption of the voleanic lake of 
Solfatara took place, attended with earthquakes, and a general 
subsidence of the coast ensued, which caused the temple to sink 
to a depth which submerged its columns in water to a height 
above the band of perforations. In this state it appears to have 


continued until the commencement of the sixteenth century; for , 


the flat district called La Starza, in which the building stands, is 
described by contemporary observers as being covered by the sea 
in 1530, Eight years later, frequent and violent earthquakes 
prevailed along all that part of the Neapolitan coast; and on the 
29th of September in that year, the volcanic eruptions burst forth 
which threw up the Monte Nuovo already described. During 
this catastrophe the coast on the north of the Bay of Baim was 
permanently raised 20 feet, forming a tract 600 feet in breadth, 
and including the area in which— 


‘€ Those lonely columns stand sublime, 
Flinging their shadows from on high, 
Like dials, which the wizard Time 
Had raised to count his ages by !°—Moons. 


These were accordingly left above the water, several of the 
Columns still retaining their original position, They seem to 
have been wholly neglected by antiquaries till 1750, when the 
shrubs and weeds with which they were overgrown and concealed 
‘were removed, and the earth accumulated in the court of the 
temple cleared away. For the last thirty or forty years a slow 
subsidence of the coast appears to have been going on, and the 
floor of the temple is often submerged.* 

124, We are not informed whether the Irish tradition, repro- 
duced by Moore so beautifully in the following lines, has been 
verified by any scientific observers ; but, if so, it would seem as. 


* See «Bey by Professor Forbes on the subject-in Brewster's ‘Journal 


of Science, i, second series ; and also a letter quoted b 4 } 
and addressed to him by M. Hullmandel, ‘* Wonders ibe ef 
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though Lough Neagh were the result of a po adalabie 
d ee 


the ground, AE ur ES : 
‘On Lough Nengh’s banks as the fisherman stray, 
When the clear cold eve’s declining, wa 
He sees the round towers of other days OR, 


Tn the wave beneath him shining ! 


Thus shall memory, often, in dreams sublime, 
Catch a glimpse of the days that are over ; 
Thus, sighing, look through the waves of time 
For the long faded glories they cover !”—Moons, 


125. It appears, then, that the-crust of the earth, instead of 
being endowed with that character of stability and immobility 
popularly ascribed to it, is subject to incessant as well as ooca- 
sional upheavings and depressions. It may indeed be regarded as 
in a certain degree elastic, yielding to the undulations, whether 
slow and gradual, or sudden and more violent, of the agencies 
within it. 

Such phenomena, however, will cease to astonish when we 
reflect what an enormous disproportion exists between the thick- 
ness of the solid crust of the globe, and the mass of matter in a state 
of igneous fusion which it encloses; the crust being relatively 
thinner than a piece of card-board attached to the rind of an 
orange, it cannot be matter of surprise that it should be subject to 
more or less derangement of form, and even oceasional disruption, 
by the action of the fluid matter within it. That such changes 
and such disruptions and their consequences should be much more 
considerable at earlier than at more recent epochs, is also a 
natural consequence of the growth of the crust of the globe by 
the process of cooling. ‘The earlier the epoch the thinner that 
crust must have been, and the less its resistance to internal foree. 
Forees which would now fail to produce any sensible effect upon 
its form, would at those earlier epochs have been suflicient to 
disrupt it. ‘That such effects have been actually produced at 
various geological epochs is proved by the most incontrovertible 
evidence presented by the crust of the globe itself, as will pre~ 
sently be more fully explained. Voleanie phenomena are eh 
connected with those of earthquakes, and, like them, supply 
analogies by which various geological phenomena are explained. 

126, When the crust of the earth is disrupted in the manner 
explained above, openings are made in it which supply communi- 
cation between its internal fluid aoe and he external su 
and through these openings matter of various forms is 
writh vast force. ‘The matter thus ejeoted consists sometimes of 
the disrupted and broken of the erust itself, which ag 
projected upwards, yertically or obliquely as the ease be * 
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and often scattered over the surrounding country to vast distances, 


Sometimes the matter thus thrown up is in a state of pasty fusion, 
and is incandescent, scoriaceous, and pumiceous. In this semi- 
fluid state it is projected sometimes to a distance, and sometimes 
it flows in streams along the slopes of declivities, or collects in a 
sheet or layer of more or less thickness round the crater from 
which it is ejected. 

127. These volcanic phenomena have been already, in part 
explained in our Tract on Earthquakes and Voleanoes, but their 
connection with the condition and history of the crust of the 
earth is so close, and the aids they afford for the explanation of 
geological phenomena so important, that it will be necessary here 
further to enlarge upon them. 9 

In the month of May, 1808, the ground in the island of San 
Jorge, one of the Azores, in the midst of an open plain and culti- 
vated fields, was suddenly upheaved, after which it cracked at 
several places with a terrific noise. A vast cavity or crater was 
formed in the middle of it, having an area of nearly thirty acres, 
and surrounded within the distance of three miles by from twelve 
to fifteen smaller craters. An enormous quantity of scoriaceous 
and pumiceous matter was projected from it which covered the 
surrounding ground to the depth of five feet for an extent of 
twelve miles in length by three in breadth. Streams of molten 
matter issued from it, which continued to flow for more than three 
weeks from the principal crater to the sea. 

128. The Monte Nuovo, which was formed upon the Neapolitan 
coast in the Bay of Baim in 1538, presents an example of like 
phenomena. A violent earthquake had prevailed for two years 
which, on the 27th and 28th of September, 1538, saltiotsln 
increased so as to be attended with incessant movement of the 
ground day and night. The plain extending between the Lake of 
Averno (the ancient Avernus), the Monte Barbaro and the sea 
was then suddenly upheayed, and various crevices were formed 
in it; the ground, rising still more, assumed the form of a moun- 
tain, During the succeeding night, the summit of this mountain 

opened with prodigious noise, and vomited great masses of flame 
accompanied by pumice stones and ashes. The eruption —-,. 
tinued for seven days, the matter ejected filling up the Lucrine 
Lake. Since this eruption the most perfect tranquillit ties 
continued at this place. nell 
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CHAPTER V. 


129, Volcanoes of the Andes—Pichincha, Cotopaxi, and Tunguragua.— 


130, Mexican voleanoes—Orizaba, Popocatapetl, Jorullo, and Colima. 
181. Singular circumstances attending the elevation of Jorullo.—132. 
Ancient state of Vesuvius, according to Strabo—Eraption of 76 A.2.— 
Destruction of Herculaneum and Pompeii.—133, Volcano of Kirauea 
in Owhyhee—Mr. Ellis's account of it.—134. Visit of Mr. Stewart 
and Lord Byron to it in 1825—-Mr. Stewart's account of it. —1365, 
Tilustrations of the ejection of lava through the strata,—136. Bifect 
of obstruction —formation of lateral craters. —137. Submarine jon 
Formation of volcanic islands. —138. Volcanic islands off Santorin, 
in the Grecian Archipelago. —189. Phenomena attending the formation 
of such islands, —140. Craters of elevation. —141, 8 \ around 
these craters—Island of Palma.-—142. Formation of islands not 
necessarily preceded by eruptions.—143, Mount Etna. —l44 = 
torical accounts of its eruptions. —145, Eruption of 1832,—146. The 
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- Val del Bove.—147. Section and ‘Bina, —148. Voleanic lakes, 
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eer —150, Craters of elevation, 
temporary and permanent.—151. Barren island in the Bay of Bengal. 
—152, Traditional voleanic origin of Santorin, 

129, Tux famous volcano of Jorullo in the Anahuac mountains 
in Mexico had its érigin in similar phenomena, The elevated 
plateau which forms the province of Quito, in South America, has 
been the theatre of extraordinary volcanic phenomena. Beneath 
it is a focus of volcanic energy, the channels of which communi- 
cate with the atmosphere by the craters of the great voleanoes of 
Pichincha, Cotopaxi, and Tunguragua, part of tho chain of the 
‘Andes, These, by their groupings as well as by their lofty eleva- 
tionand grand outlines, present the most sublime and picturesque 
aspect which is anywhere concentrated within so small a space 
in a volcanic landscape. The extremities of the chain are con- 
nected by subterranean communications; and this fact, which 
experience has made known to us in numerous instances, reminds 
us of the old and just statement of Seneca, that the crater is only 
the issue of more deeply-seated volcanic forces. 

130. The Mexican volcanoes of Orizaba, Popocatapetl, Jorullo, 
and Colima also appear to be connected with each other, being 
placed in the direction of a line running transverse to the former, 
and passing east and west from sea to sea. : 

131. As was first observed by Humboldt, these mountains are 
all situated between north latitude 18° 59’ and 19° 12’, In an 





exact line of direction with the other volcanoes, and over the 
same transverse fissure, Jorullo was suddenly elevated on the 
98 








VOLCANO ‘OF JORULLO, ~ 


29th of September, 1759. The circumstances attending 
production of this voleano are so remarkable, that we shall — 
notice them in some detail.* 

An extensive plain, called the Malpays, was co i 
fields of cotton, sugar-cane, and indige, ferigated saint a 
hounded by basaltic mountains, the nearest active volcano being 
at the distance of eighty miles. This district, situated at an 
elevation of about 2600 feet above the level of the sea, was 
celebrated for its beauty and extreme fertility. In June, 1759, 
alarming subterranean sounds were heard, and these were accom- 
panied by frequent earthquakes, which were succeeded by others 
for several weeks, to the great consternation of the neighbouring 
inhabitants. In September tranquillity appeared to be re- 
established, when, in the night of the 28th, the subterranean 
noise was again heard, and part of the plain of Malpays, from 
three to four miles in diameter, rose up like a mass of viscid fluid, 
in the shape of a bladder or dome, to a height of nearly 1700 feet; * 
tlames issued forth, fragments of red-hot stones were thrown to 
prodigious heights, and, through a thick cloud of ashes, illumined 
by volcanic fire, the softened surface of the earth was seen to 
swell up like an agitated sea. A huge cone, above 500 feet high, 
with five smaller conical mounds, suddenly appeared, and thousands 
of lesser cones (called by the natives ornitos, or ovens,) issued 
forth from the upraised plain, ‘These consisted of clay inter- 
mingled with decomposed basalt, each cone being a Sumarolle, or 
gaseous vent, from which issued thick vapour. The central cone 
of Jorullo is still burning, and on one side has thrown up an 
immense quantity of scoriaceous and basaltic lavas, containing 
fragments of primitive rocks. Two streams, of the temperature of 
186° of Fahrenheit, have since burst through the argillaceous vault 
of the hornitos, and now flow into the neighbouring plains. For 
many years after the first eruption, the plains of Jorallo were 
uninhabitable from the intense heat that prevailed.} i 

132. It appears that the cone from which Vesuvius takes its 
present character has been the result of similar effects. : 

In the description of the mountain given by Strabo, no mention 
whatever is made of the cone which now forms its most remark- 
able feature. The slopes of the mountain, he Strabo, were 

ions of the greatest fertility; its summit was trimoall 
cattraly sterile, aa had a burnt aspect, displaying cavities full 
sf erevices and calcined stones, from which it must be eonjestared 
that they had been formerly voleanie craters. Tt seems, there- 
fore, that the cone to which the name of Vesuvius now more 


* Cosmos, vol. i. p. 229. Trans. ' 
+ Mantell, p. 837. 99 
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VOLOANO OF Kitutem 


but it required the greatest caution, as fie 

of rocks frequently gave way under our feet, and 

from above. The steep which we had dessended wase 

volcanic matter, consisting apparently of light red! and! 
cular lava, lying in horizontal beds, ccoylae fu Sakae 
to forty feet. In a few places the diferent muses wererens ia: 
perpendicular and oblique directions, frome tor te Hittin) 
earthquakes, or by other violent eomvubstonss «ff thie grows. . 
walking some distance over the pleie, wiiinlh in seneendl 
sounded hollow beneath our feet, we conve ty thee cetigee afl 

erater. Before us yawned an inememse gulf im tie form odie 


i "Hroperiy belongs, and of which all the products differ altogether 
. the rocks of the semicircle ealled the Somma which existed 


in ancient times, was not formed until a much more recent period, 
and probably dates from the famous eruption of the year 76 A.D., 
which was signalised by the loss of Pliny. It was then, probably, 





Fig. 54.—Vesuvius as pow furmed. Fig. 55.—Vesuvius in the time of Strabo, 





that a permanent communication was opened between the crater crescent, about two miles in length fire thee! bo sent 
and the internal parts of the earth. This catastrophe appears to west, “ mile in width, and 800 fret aot Tictemoeaaaal 
have produced but little lava, although it was attended with with lava, and the south-west and northern parts werecmevnast j 
violent effects on the surrounding country, throwing a great part flood of burning matter. Fifty-one comirall nuande of varied “em | 
of the mountain into the sea, and burying Herculaneum and and size, containing as many ersters, rose either rountl tthe sdlige 
+ Pompeii, not, as is vulgarly supposed, under molten matter or from the surface of the burning lake. T\wemty-twoeonstantiy 
ejected from the crater, but under avalanches of pumiceous emitted either columns of grey smoke ar prramids of brilliant 
substance, which existed previously upon the slopes of the flame, and at the same time vomited from their aguite( mouths 
mountain. streams of lava, which rolled in blazing torrents down ‘theirHiatk 
133. Of all existing volcanoes, that of Kirauea, in Hawaii, indented sides into the boiling mass below. Dhe existence cf 
one of the Sandwich Islands, better known under the popular these conical craters led us to conclude that the hoilimg-emiltiron 
name of Owhyhee, and noted as the theatre of the murder of , of lava did not form the focus of the voleano, but that this liquid 


mass was comparatively shallow, and the basin which contained 
it separated by a stratum of solid matter from the great vyoleanic | 
abyss, which constantly poured out its melted contents ‘through a 
these numerous craters into this upper reservoir. We ‘were 
farther inclined to this opinion from the vast columns of vapour 
continually ascending from the chasms in the vicinity of the | 
sulphur banks and pools of water, for they must have been pro- | 
duced by other fire than that which caused the ebullition in the 
lava at the bottom of the great crater; and also by noticing ® 
number of small vents in vigorous action high up the sides of the 
great gulf, and apparently quite detached from it. The streams 
of lava which they emitted rolled down into the lake, and mingled 
with the melted mass, which, though thrown up by different 
apertures, had perhaps been originally fused in one vast furnace. 
The sides of the gulf before us, although composed of different 
beds of ancient lava, were perpendicular for about 400 feet, and 
rose from a wide horizontal ledge of solid black lava, of irregular 
width but extending completely round. Beneath this ledge the 
sides sloped gradually towards the burning lake, which was 7 
nearly as we could judge, three or four hundred feet lower. 
was evident that the large crater had been recently filled 
jiquid lava up to this ledge, and had, by some subtem™ 


Captain Cook, exhibits voleanic phenomena under their most 
sublime and imposing aspect. The island of Hawaii, which is 
about seventy miles long, and covers an area of 4000 square miles, 
is a complete mass of voleanic matter, perforated by innumerable 
craters, It is, in fact, a hollow cone, rising to an altitude of 
16000 feet, having numerous vents over a vast incandescent mass, 
which doubtless extends beneath the bed of the ocean, the island 
forming a pyramidal funnel from the fluid nucleus beneath to the 
ere. The following graphic account of a visit to the 
crater, by Mr. Ellis, affords a striking picture of the splendid, 
but awful, spectacle which this voleano presents, 
“ After travelling over extensive plains and climbing rugged 
all bearing testimony of igneous origin, the crater of 
Kirauea suddenly burst upon our view. We found ourselves 
upon the edge of a steep precipice, with a vast plain before us 
fifteen or sixteen miles in circumference, and sunk from two to 
four hundred feet below its original level. The surface of this 
plain was uneven, and strewed over with large stones and voleanie 
rocks; and in the centre of it was the great crater, at the distance 
of a mile anda half from the precipice on which we were standing, 
ss: ~ rill a descent to the plain below seemed practicable ; 
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~ channel, emptied itself into the sea, or upon the low land on the 
shore; and in all ity this evacuation had eaused the 
inundation of the Kapapala coast, which took place, as we after- 
wards learned, about three weeks prior to our visit. The grey, and 
in some places apparently calcined sides of the great crater before 
us—the fissures which intersected the surface of the plain on 
which we were standing—the long banks of sulphur on the 
opposite sides of the abyss—the vigorous action of the numerous 
small craters on its borders—the dense columns of vapour and ; ; 
smoke that rose out of it, at the north and south ends of the ae ge ~ ca © ee 
plain, together with the ridge of steep rocks by which it was : obese: 7» ee 
surrounded, rising 300 or 400 feet in perpendicular height— \ Fig: 56 
presented an immense yoleanie panorama, the effect of which was ; in 
greatly augmented by the constant roaring of the vast furnaces 
below.” * 

134, This voleano was also visited in 1825 by Mr. Stewart, 
accompanied by Lord Byron and a party from the ‘ Blonde” 
frigate, who descended to the bottom of the crater. Mr, Stewart 
has left the following description of it :—‘‘ The general aspect of 
the crater,” observes he, ‘‘ may be compared to that which the 
Otsego Lake would present, if the ice with which it is covered in 
winter were suddenly broken up by a heavy storm, and as suddenly 
frozen. again, while large slabs and blocks were still toppling, and 
dashing and heaping against each other, with the motion of the 
waves. At midnight the volcano suddenly began roaring, and 
labouring with redoubled activity, and the confusion of noises 
was prodigiously great. The sounds were not fixed or confined to 
one place, but rolled from one end of the crater to the other; 
sometimes seeming to be immediately under us, when a sensible 
tremor of the ground on which we lay took place ; and then again 
rushing on to the farthest end with incaleulable velocity, Almost 
at the same instant a dense column of heavy black smoke was 
seen rising from the crater directly in front, the subterranean 
struggle ceased, and immediately after flames burst from a large 
cone, near which we had been in the morning, and which then 

to have been long inactive. Red-hot stones, cinders, 

and ashes, were also propelled to a great height with immense 

violence; and shortly after, the molten lava came boiling up, 

and flowed down the sides of the cone and oyer the surrounding 

scorise, in most beautiful eurved streams, glittering with 4 

“prilliancy quite indescribable. At the same time, a whole lake of 
; in a more distant part. This could not have been less 


sublime than an I ever imagined to exist, ev 
visions of unearthly ts surface had all 

the ocean ; billow after billow tossed its monstrous 
air, and occasionally those from different directio 
such violence, as in the concussion to dash the 
fifty feet high. It was at onee the most id and fearful of — 
spectacles.” ise 


135. The manner in which the liquefied matter ® driven 
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the fluid nucleus of the globe, and Fc the passage along which 
the fluid matter has burst its way through the successive strate gate 
to the crater from which it issues. ti atthe a 
136. It sometimes happens that the passage, through which 
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at the eseape of the lava through it is intercepted. In 
a ¢ he | re of the flpid matter acting against the 
walls 0 the clef or channel, breaks through them at one or 


more points of least resistance, and new issues are formed on 
another side of the original crater. These lateral craters may 
— ne _ even though the central crater is still in activity 

137, Voleanic eruptions are not confined to the land, but are 
often produced in the bed of the ocean. In such cases islands 
often rise suddenly out of the bottom of the deep. Thus, in 
1831, the island of Julia arose in the Mediterranean, about 30 
miles to the south-west of Sicily. Bogoslaw appeared in like 
manner, in 1814, in the Aleutinian Archipelago; Sabrina and 
another among the Azores, in 1811; besides various others around 
Toeland, in the Indian Archipelago, the Philippines, the Moluccas, 
and off the coast of Kamtschatka. One of the most remarkable 
examples of these was presented in the case of the island which 
Tose above the waters, in 1796, at 30 miles from the northern 
point of Unalaska, one of the Aleutinian islands. A column of 
smoke was first seen to rise out of the sea, This was followed by 
the appearance of a black point at the 
surface of the water, from the summit 
of which blades of flame and incandes- 
cent matter were launched with violence. 
These phenomena continued for several 
months, during which the island in- 
creased greatly in magnitude and height. 
Afterwards, smoke alone issued from 
it, which, after continuing four years, 
ceased. The island nevertheless, still 
continued to increase in magnitude and height, without manifest- 
ing voleanic phenomena. In 1806, it had so augmented that 
it formed a cone, which could be perceived from Unalaska, upon 
which were formed four other smaller cones in the north-west side. 

138. Some remarkable examples of submarine eruptions have 
been presented from the most remote times, in the Mediterranean 
and the Levant. According to ancient historians, the bay included 
between the islands of Santorin and Theresia (fig. 58), in the 
Grecian Archipelago, has been the special theatre of these 
phenomena. ‘The island of Santorin is a half-moon-shaped tract 
of land, evidently of volcanic origin, and the islands of Theresia 
and Aspronisi, extending between the horns of the crescent, 
enclose the bay. Within this enclosure, the island of Hiera rose 
above the water in 186 8.c., and round it, and close to its coast 
several islets appeared in 19 a.D., 726 4.D., and 1427 a.p, In 
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1573 a.p., appeared the large island called Micra Kamini, and in 
1707, the still larger one, Nea Kamini. The : 
gradual increase of magnitude during several succeeding yeurs, 
' ‘oth 
Fig. 58. 
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No voleanic crater was formed upon these islands, which appear 
to cover the orifices in the subjacent crust through which the 
liquid matter which forced them up acted. ; 

139. These submarine voleanie phenomena are generally pre- 
ceded by incandescent matter thrown above the waters, by 
scoriaceous and pumiceous matter appearing on the surface, by 
burning rocks which appear in the midst of vaporous — 
by the ebullition of the sea, the temperature of which : 
becomes very elevated. All these effects were manifested in 
modern times in the appearance of the islands of Julia, —— 
and others, and the more ancient phenomena are similarly 


described in historic narratives. 

‘The cireumstances attending them, however, are pd always 
identical, Sometimes no solid rock is raised a —_ 
Thus, for example, at Kamtschatka, in 1737, earnest 
were thrown up. Great ebullitions of the a se 
pumiceous matter flowed on the surface. On the 
the eruptions, it was found that chains of peng = ery 
had been formed where previously there was os 
fathoms. In other cases there are not even jets vapour, 
the phenomenon is manifested only by the inereased —- 
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. ISLAND OP PADMA. 
of the waters, and by the sudden elevation of the matter which hors E 
existed at the bottom of the sea. This took place in 1820 at the 5 The voleanie islands which have arisen out of the ocean have 
island of Banda in the Moluceas, where the bay, which previously assumed forms, all of which are analogous to those here deseribed. 
had a depth of 50 fathoms, was elevated by the tranquil upheaving 
of compact basaltic matter which previously existed there, and 
which formed a promontory composed of large blocks piled one 
upon the other, without any accessory phenomena except the 
increased temperature of the waters. 
7 ie It has been ascertained also that violent submarine eruptions 
f are often followed by slow and gradual upheavingg of the bottom 
of the sea. This effect was manifested in the case of the island 
p's near Unalaska, and also in those produced near Santorin. It may 
be added also, that the islands thus produced are not always 
, permanent; many of them disappear after intervals of more or 
j less duration, being either swept away by the water or sinking 
| into abysses formed under them. 
I 
{ 
: 


os 





140, Voleanic craters, which result from the upheaving of the 
crust of the earth in places where no volcano previously existed, 
are distinguished by the name of CRATERS OF ELEVATION, from 
those craters which break out at different points in existing vol- 
canoes. In like manner, the conical mounds similarly formed are 
called cones of elevation. Craters of elevation are distinguishable 
[ even in places where no record or tradition of eruption exists, by 

{ the arrangement of the strata etevated, which is altogether dis- 
bq similar from what is found elsewhere. These strata are always 
te inclined in all directions round the axis of the cone, as shown in 
fig. 59, presenting their edges abruptly towards the centre of the 

: cavity. The Monte Nuovo, already mentioned, presents an example 

bs of this upon a small scale. The same formation is presented in 
the case of the semicircular Somma of Vesuvius. 

141. Another characteristic, not less important, and especially 
y useful for geological purposes in 
Fig. 59. cases where the matter elevated is 
if i. not stratified, is supplied in all 
i" : great eraters of elevation by the 
< ZA SS. crevasses which extend from the 

5 : borders of the crater to the external : Sabri 
base of the mountain, and which are presented in so remarkable Thus for example, the island of Sabrina, 
a manner in the Canaries, where they are called Barancos. These 
i radiating crevasses are admirably shown upon the plan of the 

island of Palma, one of the Canaries, drawn by M, de Buch. 

One of these Barancos, much deeper than the others, extends 
from the foot of the mountain, at a place called Tazdecorte, to the 
base of the crater, as shown in the plan, and which is rendered Z ter which h 
still more apparent in the perspective view shown in fig. 61, appearance, took the form of a crate 
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i one of the Canaries, 
Fig. 60.—Plan of the island of Palma, one the 
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Pig. 61.—Perspective view of Palma. 


ad an opening to 
107 








142. Although the crater-formed cayities which are so frequently 
observed at various parts of the surface of the earth have been in 
many cases preceded by volcanic eruptions, they are not invariably 
to be ascribed to that cause, and indeed in many cases there is 
abundant evidence that no such eruption could have taken place 
at the moment of their formation. We have already explained 
how the upheaying of the crust of the earth, produced by an earth- 
quake shock, can produce not only radiating clefts, as in fig. 47, 
but also an open cavity, as in fig. 51, the edges of which are sur- 
rounded by divergent clefts. 

143, Mount Etna, the most remarkable of European volcanoes, 
situated on the island of Sicily, and composed entirely of erupted 
mineral substances, rises to a height above the level of the Medi- 
terranean of nearly eleven thousand feet. The circumference of 
its base is more than a hundred and eighty miles, and on a clear 
day it may be distinetly seen from any elevated point of the island 
of Malta, a distance of a hundred and fifty miles, Compared with 
this voleano, Vesuvius is insignificant. While the streams of 
lava from the latter never exceed seven miles in length, those of 
Etna very often are from fifteen to thirty miles, being five miles 
in breadth, and from fifty to a hundred feet in thickness. ‘The 
surface of Etna presents three distinct regions. Around the base 
for an extent of twelve miles, the country is richly cultivated, and 
abounds in vineyards and pastures, and is the site of many towns, 
monasteries, and villages. The middle or temperate zone above 
is covered with forests of oak and chestnut, and a luxuriant vege- 
tation reaches to within a mile of the summit. Above this all is 
sterility and desolation, and the highest point of the mountain is 
covered with eternal snow. The crater is about a quarter of a 
mile in height, and three-quarters of a mile in circumference, and 
is’situated in the centre of a gently inclined plain, three miles in 
diameter. From the crater a column of vapour constantly issues, 
emanating from the mass of incandescent mineral matter which 
fills up the‘interior, and may be seen, in a state of ebullition, in 
the fumarolles in some of the lateral crevices, of which there are 

ly several accessible. 

144, Etna is recorded as having been in a state of activity 
before the Trojan war; and ever since, at varying intervals, 
yiolent eruptions have occurred, In an eruption of 1669, the 
torrent of lava inundated a space of fourteen miles in length, and 
four in breadth, burying beneath it five thousand villas and other 
habitations, with part of the city of Catania, and at length fall- 
ing into the sea. During several months before the lava burst 
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out, the old mouth, or great crater, was observed to sen 
more smoke and flame than usual, and the top fell i that the: 
cone became much lowered. 2 ional as) 
In 1809, twelve new craters opened, about half ‘down the 
mountain, and threw out rivers of burning lava, vrata 
estates and farms were covered to the depth of thirty or forty feet; 
and in 1811, other vents appeared on the eastern side, and dis= 
charged torrents of liquid lava with amazing force. ti 
145, In 1832, a violent paroxysm took place, and continued 
with but little intermission for several weeks. On the 31st of 
October, in the middle of the night, there arose, without any pre- 
vious indication, a column of smoke and flame from the base of 
the large cone on the northern side ; and, shortly after, an immense 
quantity of fluid matter was discharged from the crater, on the 
western side, divided into numerous streams. Next morning, 
repeated earthquakes, the increased noise of the lava, which now 
flowed rapidly, and the immense volumes of thick black smoke at 
the foot of Monte Scavo, announced that the eruption had greatly 
inereased in violence, and several streams of lava were seen 


descending. On the 2nd of November, contrary to all expecta- 


tion, the eruption ceased, and the lava was found to be so far 
cooled, that several adventurous observers were enabled to get 
upon it, and walk a few paces. On the 3rd, the hope that the 
fire was almost extinct was nearly certain ; but in the evening, a 
violent earthquake, followed by several others less violent, with an 
increased quantity of smoke, foreboded an eruption ; and two hours 
before midnight, another severe shock occurred, and was succeeded 
by black smoke mingled with flames, and incessant thunder, 

‘‘ Having approached,” says Signor di Luea, “‘as nearly as was 
prudent, to the hollow from which the fire issued, we found four 
apertures, which threw out burning matter. Raising our eyes 
from these vents, we observed a cleft or rent, about a mile in 
length, from which volumes of smoke arose from time to time; 
and, as at the bottom it reached the openings above-mentioned, 
it enabled us to behold the burning furnace in the interior of the 
mountain. Meanwhile the thunder was incessant, and the de- 
tonations were terrible; the lava continued to flow, and enormous 
masses of red hot substances were thrown to a great height mingled 
with vast volumes of flame and smoke, The shocks of earthquake 
were likewise so violent, _ horses and other animals fled in 
terror from the places where they were ae 

146. But by far the most interesting feature of Etna is an 
immense depression or excavation on the eastern side of the moun- 
tain, called the Vul del Bove. This vast plain, or rather nen 
hollow, is five miles in diameter, and from two to three me 
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- feet in the height of its bounding precipices, which in most places 
are nearly perpendicular. This remarkable area appears to have 
resulted from the giving way and subsidence of part of the crust 
of the volcano, from some violent action in the interior, which 
occasioned the sudden removal of an enormous mass of mineral 
matter. This plain is encircled by subordinate voleanic moun- 
tains, some of which are covered by forests, while others are bare 
and arid like many of the cones of Auvergne, The walls or cliffs 
surrounding this depression are formed of sucoessive layers of lava 
of variable thickness, with interposed beds of tufa, ashes, and 
igneous conglomerates of different colours and degrees of fineness. 
They slope downwards towards the sea at an angle of from twenty 
to thirty degrees, and have evidently been formed at various 
intervals by successive eruptions from the top of the mountain, 
and were continuous before the subsidence took place which gives 
this region its present character. 

The perpendicular sides of this natural amphitheatre are every- 
where marked by vertieal walls or dykes, which not only intersect 
the concentrie sheets of lava and tufa, but, standing out in bold 
relief, like prodigious buttresses, impart a most extraordinary 
character to the scene; the greater induration of these intruded 
dykes haying enabled them to resist the denuding action which 
has removed the less coherent pre-existing erupted materials. 
These buttresses are from two to twenty feet in thickness, and 
being of immense height, are extremely picturesque ; some of them 
are composed of trachyte, and others of blue compact basalt with 
olivine. The surface of the plain is wild and desolate in the 
extreme, presenting the appearance of a tempestuous sea of liquid 
lava, suddenly congealed. Innumerable currents of lava are seen 
piled one upon the other, some of which terminate abruptly, while 
others have extended across the Val, and descended in cascades 
into the lower fertile regions, where they are spread out in sterile 
tracts amid the vineyards and orange groves.* 

147. A section of Mount Etna, extending north and south 
between Catania on the south, and Taorminia on the north, is 


me 


" 
5 Fig. 62.—Mouut Etna, 


“VINTELION, 
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J in fig. 62; the east, upon the slope of which the cayity in 
- "ti is observable, being presented to the observer, 


: * See Captain Basil Hall’s graphic description of a visit to the Val del 
iy, Sen vol, iii, p, 31. 
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A ground-plan of the Val del Bove andthe sn 
parts of the mountain is shown in fig. 63, i ShSitteta, 
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Fig. 63.—Plan of the Val del Bove, Mount Htna. 


148. The sudden sinking of the ground by which these erater- 
formed cavities are produced, is often attended with the sudden 
production of lakes, filling such cavities with water from sub- 
terranean sources. Such lakes are sometimes supplied with water ~ 
at a high temperature, as was the case in one produced in 1835 
in Cappadocia, near the ancient Cesarea, and in 1820 in the 
island of St. Michael, one of the Azores. ‘ 

149. Volcanic islands generally are found to affect the semi- 
lunar form, of which Santorin, fig. 58, is an example. Thus the 
island of Sabrina, already mentioned, which appeared in 1811 
among the Azores, at the moment of its rise above the waters 
presented a crater which opened towards the south and was ter- 
minated by crevasses, oF Yr from which issued a current of 

iling water, figs. 64 and 65. 
po S vland of Julia, which appeared to the south-west of Sicily 
in 1831, assumed a similar form, and on the 6th of September, 
1835, Captain Thayer, the French navigator, found ope 
of New Zealand a similar rock recently formed near the <— 
of the water, which included a lagoon, having a single issue, 

ithin which the water was boiling. ; ; 

"iho, These craters of elevation have sometimes waste | a 

manently in the form which they first assumed, ep ee 
also frequently been subject to subsequent pre.  forn 

age to age. ‘The case of Vesuvius, which underwent! ee of 

change in 79 a.p., has been already men l. ye 

feneriffe rises within a circular enclosure, the sides of ge ce 

vertical, and rise to a height of from twelve hundred A A 
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Pig. 64. Forms of volcanic islands, Pig. 65. 


water and surrounded by steep and elevated rocks, which leave a 
single issue from it as in the cases already described. 

151. A similar example of this form is presented in the case of 
Barren Island in the Bay of Bengal (fig. 66, p. 65), which consists 
of a circle of high mountains, into which the sea flows through a 
single opening, and of which the centre is occupied by a volcano 
two thousand feet high, which was in full activity at the time 
of the discovery of the island. 

152, The islands of Santorin and Theresia, already described 
form probably the borders of vast craters of elevation. Ancient 
historians cite them as having appeared long before the Christian 
era, after a succession of violent earthquake shocks, and in 
accordance with this tradition, they present strata inclined out- 
wards, as shown in fig. 67; the islands more recently elevated 
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ing issued from the middle of the crater. The strata obseryed 
in Santorin and Theresia, are inclined from the centre in accord- 
ance with the principle explained in (140). 
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Fig. 72.—THE SALSES, OR MUD VOLCANOES, OF CARTHAGENA, 
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153. It has been impossible to obtain direct observations of the 
interior of craters when in a state of active eruption, but when 
they have been approached immediately after the cessation of an 
F 113 


153. Form of craters. —15 
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tea 
=; ug Snags pep ng gl to have generally a conical form, 
the base of the cone being presented upwards, and the lower part 
filled with consolidated lava, by which the principal chimney of 
the crater is covered. Sulphurous vapour is observed to issue 
from its fissures and interstices, sometimes several open gulfs are 
seen, from some of which vapours are emitted, and at the bottom 
of others incandescent lava is seen. Others again are silent and 
dark, and inspire an indescribable sense of terror. 

154. The crater Stromboli, which has been in activity since the 
most ancient times, presents at present the same appearances as 
those which were described by Spallanzani, in 1788. It is 
constantly filled with lava in a state of fusion, which alternately 
rises and falls in the cavity. Having ascended to ten or twelve 
yards below the summit of the walls, this boiling fluid is covered 





Fig. 67.—Vesuvius in 1829. 


with large bubbles, which burst with noise, letting enormous 
tities of gas escape from them, and projecting on all sides 
us matter. After these explosions, it again subsides, 


but only to rise again and produce like etfects—these alternations 


being repeated regularly at intervals of some minutes, In craters 
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DYKES—SALSES, 


where the lava is less fluid than in that of: ; 

are sometimes formed in the midst of the erater, which 

in the form of a dome, and then burst out so as to form a smal 
active yoleano in the middle of the erater of the great one. This 
phenomenon is often presented within the crater of Vesuvius 
(fig. 67) and was more particularly witnessed in 1829. 

155, Sometimes the lava, which is pressed upwards instead of 
being violently ejected, spreads itself in a sheet of greater or less 
thickness over the surface (fig. 68) where it hardens, and is subse- 
quently covered by other deposits. Cases have been found also 
where a succession of these strata, formed at different intervals, 
with interposed strata of other matter, have been observed (fig. 69); 
In such cases the matter forming the superior stratum is seen ta 
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have passed in a liquid state through the inferior strata pre- 
viously described. 

156. It often happens thatthe lava is solidified in clefts, which are 
nearly vertical, and thus forms 
walls, called dykes, which fre- 
quently rise to the surface. 
In such cases the solidified 
lava, being much harder and 
less susceptible of degradation 
from atmospheric and aqueous 
influences, remains standing 
when the matter surrounding 
it is swept away, and thus i 
forms a wall rising above the general surface (fig. 70), 

157. The phenomena of Salses, or mud voleanoes, has been 
already briefly noticed in our Tract upon ‘ Earthquakes and 
Volcanoes,” Vol. IV. p. 169. The mud voleanoes are chara 
also by the conical form, but their cones are much less : 
their slopes being flatter (fig. 72). They have at their summit & 
crater-formed cavity frequently filled with liquid mud, on which 
large bubbles are continually formed which, bursting, 
around them earthy matter. There are sometimes, over @ Sur'T 
of little extent, a great number of these cones in full ’ 
some of which have a height of ten or twelve yards. ond 
such an assemblage of cones is found at the summit of a moun! 
from fifty to two hundred yards in height formed of a 
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“matter, which appears to have been the result of former ejections. 
The middle is often formed of a lake of mud, the surface of 
which is more or less consolidated. In certain countries these 
mounds are found permanently dried, all disengagement of gas, 
water, and earth having altogether ceased, but it sometimes 
happens that the same phenomena after long cessation are 
renewed with violence. 

158. Fumarolles and Geysers are the names given to eruptions 
of steam or boiling water issuing from crevices in volcanic dis- 
tricts, remarkable examples of which are presented in the country 
surrounding the celebrated voleano of Heela, in Iceland. Erup- 
tions of hot steam are projected from the crevices of the soil 
in the form of white columns, rising to heights of from 30 to 
60 feet, and often with noise similar to that with which high 
pressure steam issues from the safety-valve of a boiler. Such 
phenomena are manifested on a considerable seale in Tuseany, in 
the neighbourhood of Monte Cerboli, Castel Nuovo, and Monte 
Rotondo, and are generally disposed in a single line of from 20 to 
25 miles in length. 

These jets of vapour in all cases include chemical agents, which 
attack the rocks with which they come in contact; thus the 
vapour ejected from Vesuvius includes hydrochloric acid, that of 
the Solfatara, of Pozzuoli, includes sulphurous acid, and that of 
Tuscany, boric acid. 

159. The Geysers are voleanic eruptions of boiling water, some 
continued, others intermitting, which prevail in immense numbers 
in Iceland, One of these hot springs is mentioned which, from 
half-hour to half-hour, projects a column of boiling water 18 feet 
in diameter to a height of 150 feet (fig. 71). 

The water thus ejected contains a certain proportion of silica, 
which is deposited in a state of hydrate upon all the surround- 
ing bodies, and forms sometimes mounds of considerable extent, 
at the summit of which is an opening, from which the liquid 
issues. 

Besides silica, the water of the geysers also contains, in a small 
proportion, the carbonates or sulphates of soda, ammonia, potash, 
and magnesia, besides a minute proportion of carbonic acid, 

160. Caleareous as well as volcanic countries present vast 
depressions of the ground analogous to craters, but instead of 
being nearly circular like those of volcanoes, they are most fre- 

uently oblong and very irregular. Such cavities are frequent in 
dee mountains of the Jura, These are generally oblong hollows, 
like clefts, which sometimes extend to a great distance, forming 
oblong mounds parallel to each other, with salient summits. 
These depressions or cavities (fig. 73) have received the name of 
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valleys of elevation, though they differ in‘nothing except their form 
, from craters of eleyation. j , 


Fig. 73. 






161, Elevations of the superficial crust often take place in a 
series of parallel lines forming so many parallel ridges with inter- 
mediate hollows, as if an upheaving force had been exerted by 
the subjacent strata in a series of parallel directions vertically 
under the ridges thus produced, The Jura mountains present 
great numbers of examples of this (fig. 74). 


Fig, 74.—Section ot ridges in the Jura Mountains. 


162, The changes in the condition of the | earth’s surface 
attending the undulations and disruptions of its erust, which 
have been noticed above, excite attention because of the sudden 
catastrophes which often attend them, and the wide devastation 
which they sometimes spread, There are, however, other agencies 
exterior to the surface, of which the accumulated effects, produ 
in long intervals of time, are not less important. The prinel 
these are air, water, and heat, acting separately or together, mor 
the’solid matter of the external surface of the terrestt™ Ais “ 
‘These operate mechanically by fracture and abrasion, phys! = y 
dissolution and disintegration, and chemically by anor “a 


















» 


| of the ocean evaporated by heat rise in| 

r parts of the atmosphere, gases Rowe tenehivencinend 
eurrents in their course towards the t elevated parts of the 
land, where they are condensed, and upon which they are pre- 
cipitated in the liquid state; thence they descend along the 
declivities, forming rivers and lakes, and sometimes penetrating 
the erust so as to form springs, until at length, sweeping over the 
land, they return to the deep, carrying with them, however, a 
large quantity of detritus of the solid crust, over which they have 
passed, and which they deposit in the bottom of the sea to form 
new systems of strata. 

Independently of water, air itself by its mechanical action upon 
solid matter detaches, fractures and abrades more or less of it, 
The water suspended in the form of vapour in the atmosphere 
penetrates the pores and interstices of rocks to a greater or lesser 
extent, according to their density and strueture. In times of 
drought it is again expelled by evaporation, and being thus alter- 
nately and incessantly absorbed and dismissed, it at length dis- 
integrates the superficial strata of the rocks, to whatever depth it 
may penetrate. 

Such effects are observable in all cases where extensive sections 
of the solid crust are made, whether by natural or artificial 
causes. They are thus seen upon the face of the cliffs which 
overhang the sea, in the escarpments of ravines which pass 
through mountain-chains, and in the sides of the vast cuttings 
artificially produced in quarrying, and still more in the con- 
struction of roads, railways, and canals. These effects are, of 
course, the more prompt and sensible, as the matter composing the 
rocks is more susceptible of imbibing humidity and of being 
deprived of it by evaporation. All mountains exhibit traces of 
such effects in some forms, determined by the various degrees in 
which their strata are susceptible of them. Thus, while some, like 
yolcanie cones, assume uniform slopes in a conical form, fig. 75 Ag 
others, those composed of gneiss, for example, assume the forms of 
pointed and dentated peaks, fig. 75 8. Numerous examples of 





e are seen in the chains of the Alps, where ig 
names of needles, teeth, and horns, (aiguilles, ray e vs 
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ATMOSPHERIC BRFECTS, 


according to their varying forms. Caleareous cliffs assume ; 
cylindrical forms, fig. 75 c, which seem at a distance to resemble 
fortifications. ‘The faces of these cliffs are often worn into a 
suceession of terraces or steps, as in fig, 75 D. ‘ 

163, The effects of long-continued atmospheric action upon the 
forms of solid rocks, are seen in many places on the surface of 
continents, which the sea has not approached within historic times, 
Certain granites are thus disintegrated so profoundly, as to reduce 
the under-surface of the strata to a mass of gravel, forming holes 
into which the pluvial water from ravines flows in all directions. 
These rocks are also sometimes met with worn into rounded forms, 
and piled one upon another, so as to be supported only at a 
single point, forming what are popularly called rocking-stones, 
fig. 76 5. Cases of this kind are especially presented in the case 
of certain porphyritic granites. In mountains where granite is 
decomposed with facility, it has been remarked that masses of 
these rocks, more or less divided, present a sort of horizontal 
layers, separated by vertical fissures, so as to reduce the whole to 
a pile of irregular parallelopipeds, fig. 76, c. The angles and 
edges being often worn away, the mass is reduced to a form 
resembling a pile of cheeses, fig. 76 A. 





traversed by vertical crevices filled 
trable by water. In nd eases, the 
pluvial waters entering these crevices dissolve an ultima’ 
sweep away the matter which fills them, leaving the ee: or 
separated without support. These ultimately fall to 


the cliff (fig. 77). 
165, When waters bathe the foot of steep cliffs, they have @ 


164, Solid rocks are often 
with matter more easily pene 


tendency to dissolve and deeompose their lower strata, gpa 
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the superior ones undisturbed and, consequently, overhanging, 
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THE CRUST OF THE EARTH. 


When this action is continued to a certain point, the cliffs thus 
overhanging fall by their weight (fig. 78). 

It sometimes happens that the accumulation of the débris of 
such cliffs which takes place below 
them, operates as a barrier to the 
waves, and so, for a time, protects 
them from further degradation (tig. 79), 
In some cases the natural form of the 
rocks exposed to the action of the 
waves enables them to resist these 
effects, and such forms are accord- 
dt, ingly often imitated in the construction 

r —~ of harbours and breakwaters (fig. 80). 
166. Cascades have often the same effect in the degradation 
of the cliffs over which they fall, as have the action of waves 
directed against their base. When such cliffs are formed of 


Pig. 78. 





me erates 


alternate calcareous and argillaceous matter, the former, being 
more susceptible of disintegration than the latter, absorbs and is 


Fig. 79. Fig. 80. 





worn away by the water either in its fall, or by its recoil from the 

foot of the easeade ; the cliff, therefore, over which the torrent falls 

soon overhangs (fig. 81) and at length is broken off by its weight. 
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EROSION BY WATER, 


167, It is to the operation of such causes, as well as to 
the action of icebergs float- 
ing from the Pole, that various Fig. Gl, 
forms of rocks found in the === 
ocean, but more especially in 
the neighbourhood of conti- 
nents, must be ascribed. The 
action of the sea disintegrates 
the softer parts, leaving the 
harder standing, and thus 
forms the most capricious are 
produced, Wide clefts and 
openings are made between 








solid rocks through which the sea passes, and in some cases the 
rocks are broken into rude and irregular columns and needles 
(figs. 82 and 83.) 


Fig. $3. 


nted in the case of the chalk-cliffs 
t on the Channel coast (fig. 84) 
ranitic columnar rocks of the 


Other similar examples are prese 
near the French village of Etreta 
and also in the porphyritie and g' 
Shetland Isles (fg, hig : 

168. Thus, in fine, it appe Ain 
have been, within historie times, natural agar im operation 
upon the surface of the globe, sufficient to eee first 
phenomena observed by modern geologists, whiehs vd wonder. 
prought under notice, excited sentiments of such unmix a either 
Alternate elevations and depressions of the earth's a ante 
sudden or gradual, are recorded in all times ; and if } hich 
jmagine that, in proportion as 


the shell of solid matter W’ 
i k, and 
jncloses the igneous central fluid was less and less — 





rs that there are, and constantly 
all those 
















y less resisting, so at more and more remote 
periods, these undulations, and their consequent disruptions and 
explosions, must have been much more frequent, and attended by 
catastrophes infinitely more violent. The volcanic eruptions 
which have taken place within historic times, may be regarded as 
miniature reproductions of the phenomena of which the globe was 
the theatre at much more remote geological dates. The wear, 
abrasion, decomposition, and transport of the solid materials of 
the earth’s crust by the action of atmosphere and the waters of 
the ocean, when continued through periods compared with which 
that limited by the existence of the human race is but a unit, 
can easily be imagined to have produced all the effects which 
are visible on the earth’s surface, and to greater or less depths 
within its crust. The deposits formed by the detritus of the land 


Fig. $4. Fig, 85 





carried by the currents of rivers to their embouchures, exhibit on 
a small scale the stratification produced by pre-Adamite seas. In 
a word, all the geological phenomena discoverable by the sections, 
natural or artificial, of the earth’s crust, admit of clear and satis- 
factory explanation, by merely imputing to the physical agents 
now in operation an energy proportional to the diminished thick- 
ness of the earth’s crust, and effects due to a continuance of action 
for periods of time, compared with which the common chrono- 
logical units must be regarded as insignificantly minute. 

Having thus briefly indicated the natural causes to which geo- 
logical phenomena must be aseribed, we shall resume the subject 
which we had dropped, and continue our notice of some of these 
results, which illustrate the past condition of the earth. 

169. There exists in England, in the Isle of Portland, as well 
as elsewhere, and on yarious parts of the continent, a stratum 
called by miners and quarrymen the ‘ dirt-bed.” This consists of 
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PORTLAND DIRT-BED. ce ae 


a layer about one foot in thickness, composed of dark brown friable 
loam, containing a large proportion of earthy lignite, and, like the 
recent soil of the island, many water-worn stones and pebbles, 
It seems to have been a bed of vegetable mould, which at a remote 
geological epoch supported an abundant and luxuriant vegetation, 
for we find in it and upon it innumerable trunks and branches of 
cone-bearing trees and eycadeous® plants. Above this bed are 
found layers of finely-laminated cream-coloured limestones, the 
total thickness of which is about ten feet, and upon which is 
deposited the modern vegetable soil; but this latter at present, 
instead of supporting cycadeous plants and pine forests, barely 
maintains a scanty vegetation. 

The most remarkable circumstance attending this dirt-bed, as it. 
is called, is the position of the trees and plants found on it. They 
are still erect, as though they had been suddenly petrified while 
growing in their native forests, with their roots in the vegetable 
soil and their tranks extending into the limestone above it. 

Immediately below it is a thick stratum of fresh-water lime- 
stone, of little value for building ; and below this again is the 
stratum of the celebrated Portland stone so extensively used for 
that purpose. ‘The’ consequence is that the dirt-bed and its 
interesting materials, little regarded by quarrymen, are cast 
away and scattered about as mere rubbish, in order to get at 
the layer of building-stone which lies below them. ‘On one of my 
visits to the island (in the summer of 1832),” says Dr. Mantell, 
«the surface of a large area of the dirt-bed was cleared, prepa- 
ratory to its removal, and the appearance presented was most 
striking. The floor of the quarry was literally strewn with fossil 
wood, and before me was @ petrified forest, the trees and plants, 
like the inhabitants of the city in Arabian story, being com 
into stone, yet remaining in the places which they occupied when 
alive! Some of the trunks were surrounded by a conical mound 
of calcareous earth, which had evidently, when in a state of mud, 
accumulated round the stems androots. The upright trunks were 

lly a few feet apart and but three or four feet high; their 
generally a few feet apart, : 
summits were broken and splintered, as if they had been snapped 
or wrenched off by a hurricane, at @ short distance from the ground. 
Some were two feet in diameter, and the united fragments of ny 
of the prostrate trunks indicated a total length of from thirty 
forty feet ; in many specimens portions of the branches 7 
attached to the stems. In the roi ee numerous 
trunks lyi rostrate, and fragments of bran 

us The external surface of all the trees I examined was weather— 





* Such as palms and ferns, - or 
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_ ‘Worn, and resembled that of posts and timbers of groins or pi 
within reach of the tides, and x rho 


subjected to the alternate influence 
of the water and atmosphere; there are but seldom any vestiges 
of the bark, 

‘<The fossil plants related to the recent Cyeas and Zamia,* ocour 
in the intervals between the pine-trees; and the dirt-bed is so little 
consolidated, that I dug up with a spade, as from a parterre, 
several specimens that were standing on the very spot where they 
originally grew, having, like the columns of the temple of Poz- 
zuoli, preserved their original erect position amidst all the reyo- 
lutions which have subsequently swept over the surface of the 
earth, and buried them beneath the accumulated detritus of 
innumerable ages. These fossil plants, though related to the 
recent Cycadem, belong to a distinct genus.t There are two 
Species—one is short, and of a spheroidal form (M. nidiformis) ; 
the other is longer, and subeylindrical (M. cylindrica). t 

‘ The trees and plants are completely silicified, and their internal 
structure is beautifully preserved in many examples; the wood, 
microscopically examined, displays the organisation of the Arau- 
earia, <A cone has been found in the dirt-bed, which Dr. Brown 
considers to be nearly related to the fruit of the Norfolk Island 
pine (Araucaria excelsa). The Portland and Isle of Wight fossil 
trees appear to belong to the same species of Coniferm,’’ § 





Fig. $6.—Section of the Portland dirt-bed., 


170, The presence of plants analogous to the modern Cycas 
and Zamia shows that the climate of England, at the time when 
the vegetation of this stratum flourished, must have been 


* These plants are so common in conservatories that their general 
appearance must be familiar to the reader. In the Botanic Gardens at 
Kew there are magnificent specimens of Cycas and Zamia, and of other 

® plants of hot climates, of which related forms occur in the Wealden, 

4+ Named by M. Adolphe Brongniart, Mantellia, 

+ Specimens of the former species are called ‘ crows-neste” by the 
quarrymen, who believe them to be birds’ nests originally built by crows 
in the pine-trees, and which have since become petrified, 


§ Mantell, p. 387. 
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SECTION OF TREUILEE MINE, i 


analogous to that of the tropics, a fact which is in conformity — a 
with what has already been explained. reg 

171. The coal deposits are everywhere attended with a 
results. Entire trees are found, some of which are ; 
upright with their roots penetrating the stratum below them, 
exactly as they penetrated the soil on which they grew. Several 
examples of these have been presented in England, one of the 
most remarkable of which occurred in the construction of the 
railway between Manchester and Bolton. Near Dixonfold five 
large stems of Sigillarie were found erect with their roots striking 
into layers of clay below. They stood upon the same level one 
beside the other, the trunks being surrounded and filled by soft 
blue shale, and the carbonised bark being all that remained of the 
original structure. All these trunks seemed to have been broken 
violently off at a point four or five feet above the roots, no 
traces of the upper parts of the trees being discovered. 

172. On the coast of Northumberland, within a space of half a 
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Fig. $7,—Section of the Treuille Mine at St. Etienne. 

mile in length, twenty upright trees were Leese . 
Trevelyan, and similar ones were found in the same - s, 
some distance, as if they had been the continuation of @ 


i tof the Isle of Portland. 
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2€ e been f "standing erect from two to eight feet 
in circumference, with their roots struck into thin layers of 


173. ‘In a colliery near Wolverhampton,” says Hugh Miller, 

“ the bot coal rises to view, and where the surface has been 

leared of the alluvial covering, it presents the appearance of a 
moor on which a full-grown fir-wood had been cut down a few 
months before; and only left the stumps behind. Stump rises 
beside stump, to the number of seventy-three in all: the thickly 
clinging roots strike out on every side into what seems once to 
have been vegetable mould, but now exists as an indurated 
brownish-coloured shale. Many trunks, sorely flattened, lie 
recumbent on the coal; several are full thirty feet in length, 
while some of the larger stumps measure rather more than two 
feet in diameter. There lie, thick around, Stigmariw, Lepido- 
dendra, Calamites, and fragments of Ulodendra; and yet with 
all the assistance which these lent, the seam of coal formed by 
this ancient forest does not exceed five inches in thickness. Not 
a few of the stumps in this area are evidently water-worn. The 
prostrate forest had been submerged, and molluses lived, and 
fishes swam over it. This upper forest is underlaid by a second, 
and éven a third: we find three full-grown forests closely packed 
up in a depth of not more than twelve feet.” * 

74, M. Alexandre Brongniart + describes a coal-pit at Treuille 
near St. Etienne, in the neighbourhood of Lyons, which contains 
enormous stems of Calamites and other trees in ereet positions 
(fig. 87). These and similar effects are considered as proofs that 
the coal was produced by the submergence of a forest which grew 
upon the spot. This particular mine is very favourable for observa- 
tions being in the open air, and presenting a natural succession of 
the strata of clay, slate, and coal, with four layers of compact 
iron-ore in flattened nodules, accompanied and even penetrated 
by vegetable remains, 

The upper ten feet of the quarry consist of micaceous sand- 
stone, which is in some instances stratified, and in others has a 
slaty structure. In this bed are enormous vertical stems 
trayersing all the strata, and appearing like a forest of plants 
resembling the bamboo or large Hquiseta petrified on the spot on 
which they grew. The stems are of two kinds, one long and thin, 
from one to four inches in diameter, and nine or ten feet high, 


* First Impressions of England and its People, by Hugh Miller, p. 223. 
+ Notioe oe les Vegetaux fossils traversants les Couches du Feccats 
houillenx, par M. A. Brongniart, Paris, 1821. ; 
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isting of jointed and striated cylinders with 
bark. The other and less common i 


haere 


Fig, 88 Fig, 89. Fig. 90. Fig. 91. Fig. 92.” 














Paludina lenta, 


Planorbis evonphalus, 


Melania. 


175, The character of the waters, according as they may have 
been fluviatile and lacustrine or marine, from which the several 
strata forming the crust of the earth were deposited, is betrayed 


Pig. 93. Fig. 94. Fig. 95. 


Voluta 
athleta, 





Murex 
alveolatus. 
Cerithium 
mutabile. 


by the nature of the organic remains which these strata severally 
contain, Thus, if we find shells (figs. 88 to 92) analogous in their 
character to existing fresh-water shells, it may be inferred that 
the deposits were fluviatile and lacustrine, or at all events that 
they were fresh-water deposits. 

If, on the other hand, none but marine shells (figs. 93 to 96) be 
found in any stratum, it may be inferred that such stratum was 
submerged by the ocean from which the deposits were me 
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species consist of hollow 











were meds at the embouchures of rivers. 

By such inductions it has been ascertained that A tracts 
of the surface of the globe, which are now dry land and raised to 
elevations considerably above the level of the sea, must, at various 
former epochs, have been submerged in the waters of the ocean, 
A great part of France, including the country around Paris, 
Normandy, Artois, Picardy, Franche-Comté, Burgundy, the 
Ceyennes, Dauphiny, and Provence, present examples of this. 





Fig. 108.—Fossil footprint#in the strata or the new red sandstone. 
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fossil shells, there are numerous 
sly more ‘ones, which have largely contributed to 
the formation of the actual crust of the globe, the principal of 
which are the Foraminifera and Infusoria. 

The Foraminifera are marine animals of low organisation, 
and generally of such extreme minuteness, that an ounce of 
sea-sand will contain three or four millions of them. The body 
consists of uniform granules enclosed in a skin or membrane 


Fig. 07. 


Fic. 90. 





Nautilus tron- 
catus. 


haying one or more cavities or digestive sacs, These animals 
are regarded as polypes, and are protected by shells. Some of 
these shells, such as the Orbiculina, contain a single cell. 
Others, such as the Nodosaria, consist of several cells disposed 
in conical or cylindrical directions. Other families have shells, 
like that of the Nautilus, consisting of a succession of cells in 
spiral forms. 

The Foraminifera detive their name from the structure of the 
shell, which consists of one or more series of chambers separated 
from one another by septa or partitions, in each of which there is 
a small perforation called a foramen. 

Some specimens of these shells, on a highly magnifie , 
given in figs. 100 to 106, t,o sa ee 

These microscopic shells, of which from seven to eight hundred 
fossil species haye been discovered, are accumulated in enormous 
numbers in the strata of the earth, and, in many cases, exclu- 
sively form very considerable calcareous deposits, of seltioh the 
chalk and the eretaceous and tertiary strata present numerous 
examples in all parts of the world. i 

177. The Infusoria, the existing species of which are found in 
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_ FOSSIL INFUSORIA. 5 
fresh and salt water, are smaller still than the Foraminifera, 
being only visible by the aid of microscopes Soa leg 
power, There are innumerable species of them, which are fur- : 
nished with siliceous shells, and which, consequently, are accu- — 
mulated at the bottom of the waters with the contemporansong 

microscopic plants. Now, although these beings are so minute — 
that forty thousand millions of them would not fill a space of 





Fig. 100. Pig. 101. Fig. 102, Fig. 103, 
« b a U) a b a b 
Fig. 100.—a. Nodosaria limbata. Pig. 102.~—a, Flabellaria rugosa. 
b. Internal arrangement of 4. Side view, to show the flat- 
the cella, ness, 
» 10L—«. Marginulina trilobata. », 103,—a. Textularia turris. 
b, The last cell seen from 4, Internal arrangement of 
above. the alternate cells. 
¢. The internal arrangement 
of the cells. 


more than a cubie inch, M. Ehrenberg has demonstrated that 
their accumulation in certain parts of the earth’s crust has pro- 





Fig. 104. Fig. 105. Fig. 106. 
a o 
Fig. 104.—Rotulina Voltzii. Fig. 105.—d. Edge view, to show the flatness, 
,, 105.—a. Cristellaria rotula, » 106,—Orbiculina numismalis, 


duced strata several yards in thickness, and of vast extent; and 
that in many other cases strata not less extensive are formed by 
their combination with other conchiferous animaleules. They 
constitute almost exclusively the polishing slate of Bilin, in 
Bohemia, which occupies a surface of great extent, probably the 
site of an ancient lake, and forms a stratum fourteen feet 
in thickness, composed of the mineralised shields of these 
animaleules, ‘* The diameter of a single one of these creatures,” 
says M. Ehrenberg, “amounts upon an average, and in the 
greatest part, to the 3500th of an inch, which equals } of the 
thickness of a human hair, reckoning its average size at the 
570th of an inch. The globule of the human blood, considered at 


the 8600th of an inch, is not much smaller, The —_ —" 
K 





four millions would make up a cubic line, and would, in fact, 
in it. There are 1728 cubic lines in a cubic inch ; 
and therefore a cubic inch would contain, on an average, about 
Pi thousand millions of these animals. On weighing a 
~ oubic inch of this mass, I found it to be about 220 grains, Of 
rs gag! forty-one thousand millions of animals, a hundred and 
eighty-seven millions go to a grain; or the siliceous shield of 
each animalcule weighs about ;}, millionth part of a grain.” 

' The remains of these Infusoria are often found in abundance in 
flints, opals, and more especially in the earthy matter whieh 
envelopes the translucent parts. They exist in large quantities, 
also in most marls, especially in those of lacustrine depositions 
in calcareous slates of the same formation, and in all chalk strata, 
They form the chief part of the deposits which fill the gulfs and 
arms of the ocean, and are found in all the earthy deposits raised 
from the bottom of the waters in ancient and modern times. 
They exist in strata sixty feet thick in the low plains of Western 
Germany, at a depth greater or less under the sands of those 
countries, It is a remarkable fact, that one of the strata on 
which the city of Berlin is placed, is formed of the shells of 
Infusoria which still live and are propagated and sustained, 
doubtless, by the waters of the Spree, on which that city is built. 

M. Ehrenberg has described numerous fossil genera and species 
of Infusoria found in all parts of the world, and in different 
strata, a few of which are represented on a high magnified scale 
in fig. 107. 

178. At whatever heights upon the land fresh-water shells and 
the remains of land animals may be found in the sedimentary 
strata, no surprise can be excited, since it is perfectly conceivable 
that at various epochs any portions of the land, whatever be its 
level, may have been submerged by lakes or overflown by rivers, 
But we find, also, at all levels, no matter how high, even at 
the summits of lofty ranges of mountains, marine deposits in 
strata of immense extent and vast thickness, 

179. In many places an analysis of the strata shows the most 
curious alternations between fresh-water and marine deposits 
which can only be explained by the supposition that the erst of 
the globe at these places has undergone a succession of elevations 
and depressions, and that after being submerged for an indefinite 
period, and receiving marine deposits, it was then upheaved. so as 




















































certain vegetation: that then it was again 
fresh water or by the sea, receiving during efit 
another stratum, either with fluvial and lacustrine 
with marine deposits, as the case might be; that subseq: 
Was again upheaved, and again became the theatre of an 
Vegetable life upon dry land, and so on. a. e 
180. The Portland dirt-beds, already described, prove the 
existence there, at remote epochs of the globe, of vegetable soil on 
a land nearly if not altogether dry, beneath which lay a stratum 
of marine deposits. It follows, therefore, that before this epoch, 
and before the deposition of the dirt-bed itself with the remains 
contained on it, that part of the land must have been subm 
by the ocean, and that being upheaved, it afterwards became the 
theatre of animgl and vegetable life, such as we find deposited in 





Fig. 107.—Fossil infusoria, 


a, Desmidium apiculosum. kh. Navicula viridis, 

+, Buastrum verrucosum. « Actinocyelus senarius. 
e. Xanthidium ramosum, j. Pixidula prisea. 

d. Peridinium pyrophorum. &. Gallionella distans. 

¢. Gomphonema lanceolata. 4, Synedra ulna. 

J. Hemanthidium areus. m. Bacillaria vulgaris. 

g. Pinmularia dactylus. n. Spicula spongiaria. 


the dirt-beds, Over the dirt-beds are thick lacustrine deposits of 
limestone, which lie under the green sandstone, which latter is 
itself overlaid by the chalk, this latter being evidently a marine 
formation. Let us see, then, what a curious succession of phe- 
nomena is here indicated. ‘The lower marine strata of limestone 
was first upheaved, and, becoming dry land, was the theatre 
of rich terrestrial vegetation. It was then submerged by fresh 
water, and was the place of a lake or deep estuary, in which 
were formed the strata of limestone, sand, and clay, filled with 
fluviatile shells, forming a stratum, which from actual observation 
appears to have a thickness of from seyen hundred to a thousand 
fect. Later still, this was covered by the sea, and marine deposits — 
of green sandstone and chalk were formed upon it, ag 








~ certain places, had a still greater thickness, In fine, at a later 
period still, another great elevation of the crust took place, which 
raised the surface to its present elevation above the waters. 

181. Independently of the evidence supplied by organic remains 

ing that certain strata were at former epochs above the waters 
and inhabited by land animals, and were subsequently submerged, 
indications of another order have been supplied by the traces left 
animals in the soft surface of the strata, which were afterwards 
hardened without these traces being effaced. Such traces, there- 
fore, may be regarded as moulds thus accidentally preserved, from 
which castings might be obtained of those parts of the animals, 
then living upon the globe, which produced them. Many moulds 
of shells have been thus found, but the most remarkable indica- 
tions of this kind consist of the footsteps of certgin animals which 
appear to have been impressed upon the soft surface of the ground, 
just as the footsteps of any animals might be at present impressed 
upon the soft sand upon the sea-shore after the retirement of the 
tide. 

182. In 1834 an account was published of remarkable fossil 
footprints in the new red sandstone at Hesseburg, near Hildburg- 
hausen, in Saxony. The largest of these tracks appears to have 
been made by an animal whose hind-foot was eight inches long, 
and which, from its resemblance to the human hand, received 
from Professor Kaup the name of Chirotherium. Some of the 
tracks, however, appeared to be those of tortoises; and Link sug- 
gests that others are those of some colossal species of frog or sala- 
mander, fig. 109. 
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Fig. 109.—Labyrinthodon pachignatus (Owen). 


The traces represented in fig. 108 are those found in a sand- 
stone slab at Hesseburg. Various similar tracks haye been found 
in the sandstone quarries at Storeton Hill, near Liverpool. The 
largest footprint was nine inches long and six inches hivall the 

of the step being nearly two feet. Similar tracks were 
found by a. Ses ty: the quarries of Connecticut: and 
Mr. Scrope found similar marks on a surface bearing ri d 
in the vast marble-quarries near Bath, eet 
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FOSSIL FOOTPRINTS, - 
These last are supposed to have been made some crustaceans a 
animal crawling along the bottom of an peti for between 
rows of footprints are in some cases observed the impressions of 
the belly, and in others the trail of the tail, ie KE 
_ 153. Footprints of birds have been discovered in several quar- 
ries in the valley of the Connecticut river, and also in differen 
parts of the state of Massachusetts. Several specimens of theed: 
are now in the British Museum. The most remarkable of these 
is a slab, eight feet by six, exhibiting various tra ks 
(fig, 110), ety - a 





Fig. 110.—Fossil footsteps of birds, 


All these marks belong to the birds called waders, and appear 
to have been made upon the sea-shore, Some are small, others of 
a size so enormous that they could only have belonged to birds 
twice the size of the largest ostrich. In one case the footprint 
measures fifteen inches in length by ten in width, without eount- 


ing the hind-claw, which itself measures two inches. The si 











moved more swiftly. 
_ _ 184. A very remarkable concomitant of some of these fossil 
fi is the distinct impressions of rain-drops upon the strata, 
Dr. discovered a stratum containing more than a hundred 
marks of the feet of birds of various species, the whole surface of 
which was pitted by the marks produced by a heavy shower of 
rain, Like marks were observed in Storeton quarry, near Liver- 
pool. The impressions produced by the rain-drops were sometimes 
perfect hemispheres, an indication of a heavy fall of rain in a vertical 
direction, and consequently in a calm atmosphere. In other cases 
the impressions were irregular and oblong, as if the drops had 
struck the surface obliquely, as when a shower is accompanied by 
a strong wind, 

Professor Hitchcock also mentions specimens of sandstone ob- 
tained from various parts of the United States, showing at once 
footprints, ripple-marks, and rain-drops, the latter being elongated 
by the direction of the wind when the shower was falling. 

These phenomena can only be explained by the fact that the 
marks were made upon the moist sand formed on the shores of an 
estuary or tidal river, between high and low water mark, which 
then was allowed to dry and harden by the action of the sun and 
air between two successive tides. The waters on the return of the 
tide would wash up silt to cover up the impressions without im- 
pairing their accuracy; the two layers uniting so as to exhibit 
when separated the one a shield, and the other a cast from it of 
the form thus impressed. 

185. Our necessary limits, rather than the exhaustion of the 
subject, compel us here to close these first glimpses of geology. 
We a ey however, in a succeeding paper, to resume the sub- 
ject, to give a brief sketch of the History of the Earth from 
the first formation of its solid crust to the last great act of ereation 
which called the human race and its concomitant tribes into 
existence. 








CUVIER 
Fig. 1.—Cuvirr. 







THE STEREOSCOPE. 


eilibres: 

1, Surprising effect of the instrument explained.—2. Causes of visual 
perspective and relief.—3. Effects of binocular parallax.—4, Example 
of the bust of Cuvier.—5. Principle of the stereoseope.—6. me oo 
the name.—7. Wheatstone’s reflecting par Ce Sir D 
Brewster's lenticular stereoscope.—9. Method of obtaining stereoscopic — 
pictures. —10, How the effects of relief are produced.—11, Natural 
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relief greatly exaggerated. Pu ¢, 


1, Tue surprise excited by the impressions of perspective and 
relief produced by the stereoscope have never, as we think, been 
fully or adequately explained. This emotion of astonishment does 
not merely arise, as is commonly supposed, from the fact that 
such impressions are stronger than those produced by the best 
executed drawings or paintings, but that, paradoxical as it may 
seem, they are actually in many cases stronger and more vivid, = 
than any which could be produced by the objects themselves, = ae 
a word, the stereoscope has the property of i 
natural effects of perspective and relief. To comprehend this: 
will only be necessary to revert for a moment to the prir 
upon which the effects of vision are based. 
The mind judges of the relative position, form, and me 
of visible objects, by comparing their apparent outlines 
varieties of light and shade, with previously | imy 
of the sense of touch. The knowledge that such and such 
appearances and optical effects are produced by certain 
of form, position, and distance having been already i 
substitutes with, the quickness of thought the cause 
The continual repetition of such acts, which a1 
peated as often as the sense of vision is exercised, 
rapidity with which all such mental operations — 

































a wholly diff 
2, In drawing and painting, the effects of perspective and relief 
_ are therefore reproduced, by transferring to the canvas the same 
outlines and the same varieties of light and shade, which the 
objects delineated really present to the eye, and when this has 

been accomplished with the necessary degree of fidelity and pre- 

_¢ision, the same impression of distance, perspective, and relief is 
produced, as that which would be received from the immediate 
view of the objects themselves which are delineated. 

8. In certain exceptional cases, however, a class of visual phe- 
nomena is manifested which are quite independent of mere 
‘outline and varieties of light and shadow, and which no effort of 
art can transfer to canvas. Inasmuch, also, as these phenomena, 
like those already mentioned, are optical effects of distance, form, 
and position, they become, like the others, indications by which 
the mind judges of the relative forms and positions of the objects 
which produce them. Phenomena of this class are manifested, 
when the objects viewed are placed so near the observer, as to 
have sensible binocular parallax. The aspects under which they 
are seen in this case by the two eyes, right and left, are different. 
Certain parts are visible to each eye which are invisible to the 

~ other, and the relative positions in which some parts are seen by 
one eye, differ from those in which the same parts are seen by the 
other eye. This difference of aspect and apparent position, arises 
altogether from the different position of the two eyes in relation 
to the objects. It is a phenomenon, therefore, which can never 
be developed, in the case of objects whose distance bears a large 
proportion to the distance between the eyes, because there is no 
sensible difference between the aspects under which such objects 
are viewed by the one eye and the other. The phenomenon, 
therefore, can only be manifested in relation to objects, whose 
distance from the observer is a small multiple of the distance 
ae the eyes. 

4, Torender this more clear, let us imagine a bust presen: 
an observer at a distance of a few feet, the face being cate 
obliquely so that one side is presented more to view than the 

other. Supposing the side which is turned towards the observer 

to be on his right, it is evident that the nose will intercept, more 

_ or less, the view of the side of the face which is on his left, but 

_ the part which it thus intercepts will not be the same for both 
eyes. It will evidently intercept more from the right than the 

laced On the other hand, the right eye will see a part of the 
spre 
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‘right side of the bust, which will be concealed 










by the projecting parts of the face. ee Sar J 
It therefore appears that the two | right and 
different views of the bust ; so that if the teatime 


an exact drawing of the bust with his left eye closed, and another — : a 


exact drawing of it with his right eye closed, these 
would not be identical. One of them would show a 
bust on the extreme right, which would not be exhibited in the 
other, and the latter would show a part on the extreme left, which 
would not be included in the former. Moreover, a part of the 
cheek and the eye would be shown in the drawing made with the 
right eye closed, which would not appear in the drawing made 
with the left eye closed. : 

Two sueh views of the same object are shown in figs. 1 and 2, 
the former being the view presented to the left and the latter to 
the right eye. 

Now it is evident that when such an object is looked at with 
both eyes open, the two different visual impressions here described 
are simultaneously perceived, and they become to the mind signs 
and indications of the actual forms which produce them. 

When objects, therefore, can be viewed at distances small 
enough to be attended with a sensible degree of parallax, their 
perspective and relief are perceived, not only by the outlines and 
varieties of light and shade, which are the common indications of 
perspective and relief at all distances, but also by the class of 
binocular phenomena which we have just deseribed. 

Hence it follows that the perception of relief, and generally of 
form and relative position in objects whose proximity is sufficient 
to produce binocular parallax, is much stronger and more vivid 
than those whose distances, rendering the binocular parallax 
evanescent, leaves nothing but the outlines and the varieties of 
light and shadow, by which the mind can form a judgment of 
form, relative distance, and position. 

But since binocular parallax is reduced to the very small 
amount of half a degree at the distance of 24 feet, it is clear that 
it can only enter into the conditions by whieh we perceive 
perspective and relief, in the ease of a very limited class of 
objects, and is not at all applicable to objects in general whose 
forms and perspective we habitually contemplate. ; 

5. After what has been explained of the two different views 
which a near object presents, when looked at successively with 
the one eye and the other closed, the principle of the stereoscope 
will be easily understood. 


A bust being placed before a competent draughtsman, as above 


described, at a distance sufficiently small to produce ——" 








part of the = 






































aT ae Sa ee ee 


+ 


Lo 


ae 
= 


sat si al 


Gat 


pee be 


























THE STEREOSCOPE, 


binocular parallax, let him make two exact drawings of it, one 
with the right eye closed, and the other with the left eye closed, 
These two drawings will then represent the object as it is actually 
seen, when the optic axis of each eye is directed to it. Let us 
suppose that, by some optical expedient, the two drawings thus 
made can be so presented to the two eyes, that the optic axis, when 
directed to them, shall converge 

are directed to the obj ct itse at case each eyt will 
obtain the same view which it would obtain if t} 


same angle as when the Vv 
































were placed before it, and t vi ul per fon mu 
be the same as would be produced by t bj l 
both eyes open. 
6. Now the tical ex t \ 
the stereoscope, a 1 t { cy 
solid of | yr ew I 
is } ; ' that a really 
in the r r lofa 
flat surface, is placed bet 
Various « ptical combinat np 1 and contrived, 
for the purpose of | vings 
as we have here descri ig 
from the ture tion by 
reflection, and in others by . 
7. In the first giv ! Professor 
Wheatstone, its itor, t | eeding from the 
two pictures were deflected by t ne reflector placed at a 
right angle, so that in enti x t f they prox ed as if they 
had diverged from a « MMmon pol t. ut byect. re pre 
sented by the pictures would therefor placed, 
Let azo v(f be t nd-pla ; bale 
I t us t mit the light 
Let I > | m 
f listance ay 
t | t the e 
! rver Let RB } 
t I @ mirrors 7 at right 
angies to each other. Leta drawing 
of an bj t seen with the right eye, 
th ng closed, be attached to 








the inside of p ¢ at r, and another 
made from the object seen with the 
left eye, the right being closed, be in 
like manner attached at J to the 
inside of 4B, Supposing the eyes of 
the observer to be placed at the holes rand 1, the right eye will see by 
reflection the drawing r in the direction x n, and the left eye will see the 
drawing L by reflection in the direction Lm, If the lines % mand kn be 
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WHEATSTONE AND BREWSTER. 


imagined to be continued backwards, they will mee 
behind the reflectors ; and if the draws 
with the views which the right a 








+ at a certain point o 
and Ube made to eorre spond 
nd left eyes would have r 

















object itself, which the y ent, placed at o, the impr 
the two drawings thus ill be precisely the 
be produced on the right and left eye res 
en ato. : 
8 In the t stereoscope invented by Sir David 
Brewster, the form of the instrument to whi h i 


in all countries have 





en the preference: 


ceeding from the two pictures are deflects 

















from the desired distance, by means of two iouble 
convex lenses, : 
These are for 1 by t dot ; ‘ 
two 1-1 E ’ 
direct a plat ig th 
ler t tof t 
tl ter A ind cr 
emi~hameter t th rigu al 
will be evident t a ti th 
nal lens, m y a plar ng th 
AEC at right angles to i urf 





have the form represented at aR 
tly that the two ece 
lenses A Band c & will have their 

part at #, and their thinnest at a 
While th eometrical centr f 
lenses are ato and o’, their ptical 
are at the thickest point © of the ra 
e these tv 


holes whose 


and consequ 











im two 





eyes, and let two 


distance equal to their common fo¢ 





of lenses already explained, 
rays diverging from Pp and Pp’, and sin } 
through the lenses, will be, after refrac 
tion, parallel respectively to lines drawn 
id vp’, through the val centres 
f the lenses. Thus the visual 
ray Pp will, after refraction, issue in the 
direction » L, and the ray p’ p’ will issue 
in the direction p’ k, so that the points p 
and p’ will be seen in the directions of 
Lp and R p’ converging to the point o. 

Now, if p be a picture of an object as it appears to the left eye, and Pa 
picture of it as it appears to the right eye, these two pictures will be 
brought together at o by the refraction of the lenses, and the eyes will see 
the combined pictures ato, exactly as they would see the object itself if it 
were placed there. 
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arrangement is, that the 


An advantage incidental to this 
141 











THE STEREOSCOPE, 

STEREOSCOPIC PICTURES, 
convexity of the lenticular eye-pieces AB and c B’, may be such sa 
aha produce ae¢ = the tot ul impracti ability, of ace omplishing this, with the 
any desired mag- Fig. 6. paling I imraey which is indispensable, by any process of hand- 
mifving effet. drawing, will be app nd. if the stereoscope were de “pendent 
a ‘thin practical ble ang ares " ~ able Neg — sted by it 
limits, upon th aR aa CS ee | nee weve, 


1 
two pictures. 





on such a process 
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ul invention, another, still 
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more remarkable, was in progress of improvement ho 

The 5 race l pr Iproyve rent. Phot 

! lent its powerful aid to the stereoscope, and uppli n 
r the eye- ; ‘ 
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; lines be imagined to |} 
CE, are! er at tl gle which n re 
lraw in a ) photogra nents placed 
out so a pr dista tl bject 
lapted to dif icture r the uneeell 
erent ey¢ 1 alt S 
they are | i ecordingly 1 1 by 
by “pins, ' e plates, | 
pass into I pe SNe i 1 n 
wt l tl giass they ar \ . . r 
n that ) transparent, acc q t apes 
in which t} 10, Since tl t resent 
flected rav view of objec t be so distant from t server as ¢ 
eaeueninat have no ser lar parallax, it may i $ 
1 len that stereos: » remark s th haa 
The for ested by such pictur can be produced. If the ster 
a effect tl f n ~ 1 « 
which this lenti- ' ; 
. . ‘ W ca ch eff prod l by s of 
cular svereoscope } i, The ve ni 1 paral 
opaque or Chis brit ck to a le in 
t gh a produced by the stereoscope is, in most cases, exaggerated, as 
vered by a compared with that produced by an immediate view of the objects 
‘ th irface of themselves, and that it i onsequently such as can never be 
which 1s coated with tinfoil so a perceived when the objects themselves are looked at; and that 
to reflect light ipon tl} pictures. hence arises the sensation of irprise that such stereoscopic effects 
| If j transparent, the ba never fail to excite. 
tt trument If we desire to obtain a pair of stereoscopic pictures of any 
. plate of ground glass object of considerabli e, a palace or a cathedral, for 
whiel W diffused example, we take a pos such a distance from it as will 
I through the pictures, enable us to obtain, in the camera obscura of the photographie 
A 9. In what has been stated apparatus, a picture of it on a sufticiently small scale, Supposing, 
above, it has been assumed that then, two lines to be drawn from the centre of thi object to the 
two drawings of the same object can be produced, diff ring one from place selected for the camera, making with each other an angle 
another precisely as the two views of the same object would differ. equal to the amount of binocular parallax, which is necessary to 
when viewed by the right and the left eye successively, sul rect produce the stereoscopic effect of perspective and relief’; let two 
to a given deere e of binocular parallax, Now, the difficulty, if 143 
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photographic instruments be then placed one on 
lines, with their optic axes in the directions of the 


tively, and therefore converging tow ards the same 






object, and let the dist: 
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but it is equally true that no such effects could } 
the obje cts themselv« 

Among the most interesting and instructive 
prising eff cts of the stereoscope, are those which it 
stereoscopic views of geometrical solid figures are ¢ 


The variety of these is endless. But since no m 
scription could convey any adequate idea of them we can only 
’ ae) 


invite the reader’s attention to this class of objects 
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Comets 





motions order not exacted by the law of gravitation.- 

bserve no such order in their motions.—10, They move in conic 

ections, with the sun for the focus.—11. Difficulty of 
what species of conic section a comet moves.—1: 
parabolic comets not periodic. 3. Elliptie comets peri 

planets, —14, Difficulties attending the analysis of cometary motions. 

15, Periodicity alone proves the elliptic character, — 16. Periodicity 
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aie ae I.—COMETARY ORBITS. 
0 - civil itical historian the past alone has 
gg ~ alee eae apprehends ; the future never, 
the historian of science it is permitted, however, to penetrate 
: depths of past and future with equal clearness and certainty: 
facts to come are to him as present, and not unfrequently more 
ass than facts which are passed. Although this clear per- 
~ ception of causes and consequences characterises the whole domain 
© of physical science, and clothes the natural philosopher with 
pe denied to the political and moral inquirer, yet foreknow- 
ba is eminently the privilege of the astronomer. Nature has 
eh » raised the curtain of futurity, and displayed before him the suc- 
“cession of her decrees, so far as they affect the physical universe, 
for countless ages to come ; and the revelations of which she has 
~ made him the instrument, are supported and verified by a never- 
ceasing train of predictions fulfilled. He ‘‘ shows us the things 
which will be hereafter,” not obscurely shadowed out in figures 
and in parables, as must necessarily be the case with other reve- 
“Yations, but attended with the most minute precision of time, 
place, and cireumstance. He converts the hours as they roll into 
an ever-present miracle, in attestation of those laws which his 
Creator through him has unfolded ; the sun cannot rise—the moon 
cannot wane—a star cannot twinkle in the firmament, without 
bearing witness to the truth of his prophetic records. It has 
pleased the ‘‘ Lord and Governor’’ of the world, in his inscrutable 
wisdom, to baffle our inquiries into the nature and proximate 
cause of that wonderful faculty of intellect—that image of his 
own essence which he has conferred upon us; nay, the springs 
and wheelwork of animal and vegetable vitality are concealed 
from our view by an impenetrable veil, and the pride of philo- 
sophy is humbled by the spectacle of the physiologist. bending in 
fruitless ardour over the dissection of the human brain, and 
peering in equally unproductive inquiry over the gambols of an 
i . But how nobly is the darkness which envelopes 
metaphysical inquiries compensated by the flood of light which is 
shed upon the physical creation! here all is harmony, and 
order, and majesty, and beauty, From the chaos of social and 
political phenomena exhibited in human records—phenomena 
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COMETARY DISCOVERY. 


‘anconnected to our imperfect vision discoverable 
‘war of passions and prejudices, rar wus apparent law, a 
tending to no apparent end, and setting intelligible order at 
defiance—how soothing and yet how elevating it is to turn to the 
splendid spectacle which offers itself to the habitual contemplation 
of the astronomer! How favourable to the development of all 
the best and highest feelings of the soul are such objects! the 
only passion they inspire being the love of truth, and the chiefest 
pleasure of their votaries arising from excursions through the 
imposing scenery of the universe—scenery on a seale of grandeur 
and magnificence, compared with which whatever we are accus- 
tomed to call sublimity on our planet dwindles into ridiculous 
insignificancy. Most justly has it been said, that nature has 
implanted in our bosoms a craving after the discovery of truth, 
and assuredly that glorious instinct is never more irresistibly 
awakened than when our notice is directed to what is going on in 
the heavens. ‘Quoniam eadem Natura cupiditatem ingenuit 
hominibus veri inveniendi, quod facillime apparet, cum yacui curis, 
etiam quid in ccelo fiat, scire avemus; his initiis inducti omnia 
vera diligimus ; id est, fidelia, simplicia, constantia ; tum vana, 
falsa, fallentia odimus.” * 

2. Such reflections are awakened by every branch of astronomy, 
‘but by none so strongly as by the history of cometary discovery, 
No where can be found so marvellous a series of phenomena 
foretold. The interval between the prediction and its fulfilment 
has sometimes exceeded the limits of human life, and one gene- 
ration has bequeathed its predictions to another, which has been 
filled with astonishment and admiration at witnessing their literal 
accomplishment. 

3. In the vast framework of the theory of gravitation constructed 
by Newton, places were provided for the arrangement and ex- 
position not only of all the astronomical phenomena which the 
observation of all preceding generations had supplied, but also for 
a far greater mass which the more fertile’ and active research of 
the generations which sueceeded him “have furnished. By this 
theory all the known planetary motions were explained, and 
planets previously unseen were felt by their effects, their places 
ascertained, and the telescope of the observer guided to them. 

But transcendently the greatest triumph of this celebrated 
theory was the exposition it supplied of the physical laws which 
govern the motions of comets as distinguished from those whieh 

prevail among the planets. ww 

4. It is proved in the propositions demonstrated in the first 


* Cie. de Fin, Bon. et Mal., ii, 14 ' 
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COMETS. 


book of Newton’s Principia, which propositions form in substance 
the ground-work of the entire theory of gravitation, that a body 
which is under the influence of a central force, the intensity of 
which decreases as the square of the distance increases, must move 
in one or other of the curves known to geometers as the “ conte 
sEcTIoNs,” being those which are formed by the intersection of 
the surface of a cone by a plane, and that the centre of attraction 
must be in the Focus of the curve; and in order to prove that 
such curves are compatible with no other law of attraction, it is 
further demonstrated that whenever a body 
round a centre of attraction in any one of these curves, that centre 
being its focus, the law of the attraction will be that of gravitation ; 
that is to say, its intensity will yary in the inverse proportion of 


¢ 


observed to move 

















the square of the distance of the moving body n the centre of 
foree. 

Subject to these limitations, however, a body may move round 
the sun in any orbit, at any distance, in any plane, and in any 
direction whatever. It may describe an ellipse of any eccentricity, 
from a perfect cirele to the most ngated oval, Chis ellip ‘ 
may be in any plane, from that of the ptic to one at right 
angles to it, and the body may move in such ellipses either in th 
same direction as the earth or in t ntrary cti Or the 
body thus subject to solar attraction may r na parabola witl 
its point of perihelion at any distance whatever from the sun, 
either grazing its ve surface or sweeping beyond the orbit 
of Neptune, or, in fine, it may sweep round the sun in an 
hyperbola, entering and leaving the system in two divergent 
directions. 

To render these explanations, which of the greatest interest 





and importance in relation to the subject of comets, more clearly 
understood, we have represented, in fig. 1, the forms of a very 
eccentric ellipse, a ba’ b', a parabola app’, and an hyperbola 
ah h’, having s as their common focus, and it will be convenient 
to explain. in the first instance the relative magnitude of some 
important lines and distances connected with these orbits, 

5. Ellipses or ovals vary without limit in their eccentricity. 
A circle is regarded as an ellipse whose eccentricity is nothing. 
The orbits of the planets generally are ellipses, but having 
eccentricities so small that, if described on a large geale in 
their proper proportions on paper, they would be distinguish- 
able from circles only by measuring accurately the dimensions 
taken in different directions, and thus ascertaining that they are 
longer in a certain direction than in another at right angles to it. 
. very eccentric and oblong ellipse is delineated in fig. 1, of which 
aa’ is the major axis. The focus being s, the perihelion distance 
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diss a,and the aphelion distance d’ is s a’ . i 

being s ¢, or half the major axis, oe ones 
ty The curvature of the ellipse continually increases from the mean 
distance to perihelion, and constantly decreases from. perihelic 
to the mean distance, being é ee 
equal at equal angular dis- Fig. 1. 
tances from perihelion as seen 
from the sun, 

It is evident that if a body 
move in a very ecee ntric 
ellipse, such as that re pre- 
sented in fig. 1, whose plane 
coincides exactly or nearly 


with the common plane of thé 





janetary or it may in- 


tersect the 





or all of the planets, as it is 


represented todo in the figure, 





} . ‘ } 
though its mean distanc¢ 





from the sun may be less than 
the mean distance of several 
of those which it thus inter- 
sects. The aphe lion distance 
of such a body may, there- 
fore, greatly exceed that of 
any planet; while its mean 
distance mi 


that of the more distant 


iy be less than 





planets. 

6. The form of a parabolic 
rbit having the same _peri- 
helion distance as the elliptic 
orbit is represented at a p p, 
in fig. 1. This orbit consists 
ef two indefinite branches, 
similar in form, which unite 
at perihelion a, Departing 
from this point on opposite 
sides of the axis a a’, their curvature regularly and rapidly 
decreases, being equal at equal distances from perihelion. The 
two branches have a constant tendency to assume the direction 
and form of two straight lines parallel to the axis a’. To 
actual parallelism, and still less to convergence, these branches, 
however, never attain, and consequently they can never reunite. 
They extend, in fine, like parallel straight lines, to an os 
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distance, withoub ariirecditing, but assuming directions when 


- the distance from the focus bears a high ratio to the peri- 


helion distance, which are practically undistinguishable from 


One parabolic orbit differs from another in its perihelion dis- 
tance. The less this distance is, the less will be the separation at 
» given distance from s between the parallel directions to which 
ite branches p p’ tend. This distance may have any 
itude. The body in its perihelion may graze the surface of 
‘sun, or may pass at a distance from it greater than that of the 
most remote of the planets, so that, although it be subject to solar 
attraction, it would im that case never enter within the limits of 
the solar system at all. 

A body moving in such an orbit, therefore, would not make, 
like one which moves in an ellipse, a succession of revolutions 
round the sun ; nor can the term periodic time be applied at all 
touts motion. It enters the system in some definite direction, 
such as p’ p, as indicated by the arrow from an indefinite distance. 
Arriving within the sensible influence of solar gravitation, the 
effects of this attraction are manifested in the curvation of its path, 
which gradually increases as its distance from the sun decreases, 
until it arrives at perihelion, where the attractive force, and con- 
sequently the curvature, attain their maxima. The extreme 
velocity which the body attains at this point produces, in virtue 
of the inertia of the moving mass, a centrifugal force, which 
counteracts the gravitation, and the body, after passing perihelion, 
begins to retreat; the solar gravitation and the curvature of its 
path decreasing together, until it issues from the system in a 
direction p p’, as indicated by the arrows, which is nearly astraight 
line, and parallel to that in which it entered. In such an orbit a 

therefore visits the system but once. It enters in a certain 
direction from an indefinite distance, and, passing through its 
perihelion, issues in a parallel direction, passing to an unlimited 
distance, never to return. 

_ 7. Hyperbolic orbits, like the parabolas, consist of two inde- 
finite branches, which unite at perihelion, which at equal dis- 
tances from perihelion have equal curvatures, and which, as the 
distance from perihelion increases, approach indefinitely in direc- 
tion and form to straight lines, but, unlike the parabolic orbits, 
the straight lines to whose direction the two branches approximate 
are divergent and not parallel. 

- Such an orbit haying the same perihelion distance as the ellipse 
and parabola, is represented by a h W’, fig. 1. 

The parabola is included between the ellipse and hyperbola, 

8. When the theory of gravitation was first propounded by its 
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illustrious author, no other bodies, save the planets and satellites 
then discovered, were known to move under the influence of such. 
a central attraction, These bodies, however, supplied no example 
of the play of that celebrated theory in its full latitude, They 
obeyed, it is true, its laws, but they did much more, They dis~ 
played a degree of harmony and order far exceeding what the law 
of gravitation exacted. Permitted by that law to move in any of 
the three classes of conic sections, their paths were exclusi 
elliptical ; permitted to move in ellipses infinitely various in their 
eocentricities, they moved exclusively in such as differed almost 
insensibly from circles; permitted to move at distances subordi- 
nated to no regular law, they moved in a series of orbits at dis- 
tances increasing in a regular progression ; permitted to move at 
all conceivable angles with the plane of the ecliptic, their paths 
are inclined to it at angles limited in general to a few degrees ; 
permitted, in fine, to move in either direction, they all agreed in 
moving in the direction in which the earth moves in its annual 
course. 

Accordance so wondrous, and order so admirable, could not be 
fortuitous, and, not being enjoined by the conditions of the law 
of gravitation, must either be ascribed to the immediate dictates 
of the Omnipotent Architect of the universe above all general 
laws, or to some general laws superinduced upon gravitation, 
which had escaped the sagacity of the discoverer of that principle. 
If the former supposition were adopted, some bodies, different in 
their physical characters from the planets, primary and secondary, 
playing different parts and fulfilling different fanctions in the 
economy of the universe, might still be found, which would illus- 
trate the play of gravitation in its full latitude, sweeping round 
the sun in all forms of orbit, eccentric, parabolie, and hyperbolie, 
in all planes, at all distances, and indifferently in both directions, 
If the latter supposition were accepted, then no other orbit, save 
ellipses of small eccentricity, with planes coinciding nearly with 
that of the ecliptic, would be physically possible. 

9. The theory of gravitation had not long been promulgated, 
nor as yet been generally accepted, when the means of its further 
verification were sought in the motion of comets, Hitherto these 
bodies had been regarded as exceptional and abnormal, and as 
being exempt altogether from the operation of the law and order 
which prevailed in a manner so striking among the members of 
the solar system. So little attention had. been given to comets 
that it had not been certainly ascertained whether they were to be 
classed as meteoric or cosmical phenomena ; whether their theatre 
was the regions of the atmosphere, or the vast spaces in which the 
great bodies of the universe move. ‘Their apparent — 








on were’ not astronomieally ascertained, the 
date of their appearance was generally preserved in the historic 


passed were indicated, so that the means of obtaining at least a 
rude approximation to their position in the firmament were thus 


10, Such observations, vague, scattered, and inexact as they 
were, supplied, however, data by which, in several cases, it was 
possible to compute the real motion of these bodies through space, 
their positions in relation to the sun, the earth, and the planets, 
and the paths they followed in moving through the system, with 
sufficiently approximate accuracy to conelude with certainty that 

were one or other of the conic sections, the place of the sun 
being the focus. 

‘This was sufficient to bring these bodies under the general 
operation of the attraction of gravitation. 

It still remained, however, to determine more exactly the 
specific character of these orbits. Are they ellipses more or less 
eccentric ? or parabolas ? or hyperbolas ’—Any of the three classes 
of orbits would, as has been shown, be equally compatible with 
the law of gravitation. 

11. It might be supposed that the same course of observation 
as that by which the orbit of a planet is traced would be applicable 
equally to comets.. Many circumstances, however, attend this 
latter class of bodies, which render such observations impossible, 
and compel the astronomer to resort to other means to determine 
their orbits. 

A spectator stationed upon the earth keeps within his view each 
of the other planets of the system throughout nearly the whole of 
its course. Indeed, there is no part of the orbit of any planet in 
which, at some time or other, it may not be seen from the earth, 
Every point of the path of each planet can therefore be observed ; 
and, h without waiting for such observation,’ ifs course 
might be determined, yet it is material here to attend to the fact, 
that the whole orbit may be submitted to direct observation. The 
different planets, also, present peculiar features by which each 
may be distinguished. Thus, as has been explained, they are 
observed to be spherical bodies of various magnitudes, Their 
surfaces are marked by peculiar modes of light and shade, which, 
hh variable and shifting, still, in each x 
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records, and in many cases the constellations through which they . 





vase, possess some 
_ prevailing and permanent characters by which the identity of the 
me 













object may be established, even were there no other 1 
determining it, ioe bind ena aa 

Unlike planets, comets do not present to us those t 
characters above mentioned, by which their identity may be 
determined. None of them have been torily ascertained 
to be spherical bodies, nor indeed to have any definite shape, 
It is certain that many of them possess no solid matter, but are 
masses consisting of some nearly transparent substances ; others 
are so surrounded with this apparently vaporous matter, that it 
is impossible, by any means of observation which we possess, to 
discover whether this vapour enshrouds within it any solid mass, 
The same vapour which thus envelopes the body (if such there 
be within it) also conceals from us its features and individual 
character. Even the limits of the vapour itself, if vapour it be, 
are subject to great change in each individual comet. Within a 
few days they are sometimes observed to increase or diminish 
some hundred-fold. A comet appearing at distant intervals 
presents, therefore, no very obvious means of recognition, A 
like extent of surrounding vapour would evidently be a fallible 
test of identity; and not less inconclusive would it be to infer 
diversity from a different extent of nebulosity. 

If a comet, like a planet, revolved round the sun in an orbit 
nearly circular, it might be seen in every part of its path, and 
its identity might thus be established independently of any 
peculiar characters in its appearance. But such is not the course 
which comets are observed to take. 

In general a comet is visible only throughout an are of its 
orbit, which extends to a certain limited distance on each side 
of its perihelion. It first becomes apparent at some point of its 
path, such as g, g’ org’, fig. 1; it approaches the sun and dis- 
appears after it passes a corresponding point g, g’ or g" in departing 
from the sun. The are of its orbit in which alone it is visible 
would therefore be g ag, g'ag', org’ @g". 

If this arc, extending on either side of perihelion, could always 
be observed with the same precision as are the planetary orbits, 
it would be possible, by the properties of the conic sections, to 
determine not only the general character of the orbit, whether it 
be an ellipse, or parabola, or an hyperbola, but even to aseertain 
the individual curve of the one kind or the other in which the 
comet moves, so that the course it followed before it beeame visible, 
as well as that which it pursues after it eeases to be visible, would 
be as certainly and precisely known as if it could be traced by 
direct observation throughout its entire orbit. 

12. If it be ascertained that the are in which the comet moves 
while it is visible is part of an hyperbola, such as gy 4 9, — 
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the comet coming from some indefinitely distant 
’ has entered the system in a certain direction, 


| Wh, which can be inferred from the visible are g ag, and that it 


must depart to another indefinitely distant region of the universe 
lowing the direction A h’, which is also ascertained from the 


visible are g @ 9. 


Tf, on the other hand, it be ascertained that the visible are, 
such as g’ ag’, be part of a parabola, then, in like manner by the 
properties of that curve, it will follow that it entered the system 
coming from an indefinitely distant region of the universe in a 
certain direction, p'p, which can be inferred from the visible 
areg' ag’, and that after it ceases to be visible, it will issue from 
the system in another determinate direction, p p’, parallel to that 
by which it entered. 

The comet, in neither of these cases, would have a periodic 
character. It would be analogous to one of those occasional 
meteors which are seen to shoot across the firmament never again 
to reappear. The body arriving from some distant region, and 
coming, as would appear, fortuitously within the solar attraction, 
is drawn from its course into the hyperbolic or parabolic path, 
which it is seen to pursue, and escapes from the solar attraction, 
issuing from the system never to return. The phenomenon would 
in each case be occasional, and, in a certain sense, accidental, 
and the body could not be said properly to belong to the system. 
So far as relates to the comet itself, the phenomenon would consist 
in a change of the direction of its course through the universe, 
operated by the temporary action of solar gravitation upon it. 

13, But the case is very different, the tie between the comet 
and the system much more intimate, and the interest and physical 
importance of the body transcendently greater when the are, such 
as gy’ ag", proves to be part of anellipse. In that case, the invisible 
part of the orbit being inferred from the visible, the major axis 
aa’ would be known. The comet would possess the periodic 


character, making successive revolutions like the planets, and ° 


returning to perihelion a after the lapse of its proper periodic 
time, which could be inferred by the harmonic law from the 
magnitude of its major axis. 

Such a body would then not be, like those which follow hyper- 
bolic or parabolic paths, an occasional visit to the system, con- 
nected with it by no permanent relation, and subject to solar 
gravitation only accidentally and temporarily. Tt would, on the 
contrary, be as permanent, if not as strictly regular, a member of 
the system as any of the planets, though invested, as will pre- 
sently appear, with an extremely different physical 


© It will therefore be easily conceived with what profound interest 
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comets were regarded before the theory of gravitation had Keen 
yet firmly established or generally accepted, and while it was, «. 
to speak, upon its trial. ‘These bodies were, in looked for as 
the witnesses whose testimony must decide its fates” eek “Aenea: 
14, Difficulties, however, which seemed almost untable. 
opposed themselves to a satisfactory and conelusive 
their motions. Many causes rendered the observations upon their 
apparent places few in number and deficient in precision. The 
ares gag, g’ ag’, and g" ag" of the three classes of orbit in 
any of which they might move without any violation of the law 
of gravitation were very nearly coincident in the neighbourhood. 
of the place of perihelion a. It was, for example, in almost all 
the cases which presented themselves, possible to conceive three 
different curves, an eccentric ellipse, such as ab a’ b', a parabola, 
such as p’ pa, and an hyperbola, such as i’ h a, so related that. 
the aresgag, gag’, and g"a g", would not deviate one from 
another to an extent exceeding the errors inevitable in come’ 
observations, Thus any one of the three curves within the limits of 
the visible path of the comet might with equal fidelity represent. 
its course. In such cases, therefore, it was impossible to infer, 
from the observations alone, whether the comet belonged to the 
class of hyperbolic or parabolic bodies, which have no periodic 
character, or to the elliptic, which has, a, 5 
15. The character of periodicity itself, which belongs exclusively 
to elliptic orbits, supplied the means of surmounting this diffi- 
culty. If any observed comet have an elliptic motion, it must 
return to perihelion after completing its revolution, and it must 
have been visible on former returns to that position, Not only 
ought it to be expected, therefore, that sueh a comet would re- 
appear in future after absences of equal duration (de ing on 
its periodic time), but that its previous returns to perihelion 
would be found by searching among the recorded appearances of 
such objects for any, the dates of whose appearance might cor- 
respond with the supposed period, and whose apparent motions, if 
observed, might indicate a real motion in an orbit, identical or 
nearly so with that of the comet in question. ve 
If the motion of such a body were not affected by any other 
force except the solar attraction, it would re-appear after each 
successive revolution at exactly the same point; would follow, 
while visible, exactly the same are y” ag’; would move in the 
same plane, inclined at the same angle to the ecliptic, the nodes 
retaining the same places ; and would arrive at its perihelion at 
exactly the same point a, and after exactly equal intervals. 
Now, although the disturbing actions of the planets near which 
it might pass, in departing from and returning to the = 









another, as well because of ie orbit 
lightness of the comet, as of the great ne pa 
pear “ sepusielly tho cf the larger a yet tll such 
posed. to efface that character which the orbit ee e 
om inan immense s e there- 
ne ; eecnres for peas ond even the pro- 
ability, that the same periodic comet on the occasion of its 
successive re-appearances, may follow a path g” @ g” in passing 
to and from its perihelion, differing to some extent from that 
which it had followed on previous appearances, yet in the main 
such differences cannot, except in rare and exceptional cases, be 
very considerable, and for the same reason the intervals between 
its ‘successive periods, though they may differ, cannot be subject 
t variation. 
ae tf thes on examining the various comets whose appearances 
have been recorded, and whose places while visible have been 
observed, and on computing from the apparent places the arc of 
the orbit through which they moved, it be found that two or more 
of them, while invisible, moved in the same path, the presumption 
will be that these were the same body re-appearing after having 
completed its motion in an elliptic orbit; nor should this pre- 
sumption of identity be hastily rejected because of the existence 
of any discrepancies between the observed paths, or any inequality 
of the intervals between its successive re-appearances, so long 
as such discrepancies can fairly be ascribed to the possible 
disturbances produced by planets which the comet might have 
encountered in its path, 

17. Many comets, however, have been recorded, but not observed, 
Historians have mentioned, and even described, their appearances, 
and in some eases have indicated the chief constellations through 
which such bodies passed, although no observations of their appa- 
Tent places have been transmitted by which any close approximation 
to their actual paths could be made. Nevertheless, even in these 
eases, some clue to their identification is supplied. The intervals 
between their appearances alone is a highly probable test of 
identity. Thus if comets were regularly recorded to have 

- appeared at intervals of fifty years (no circumstance affording 

_ evidence of the diversity of these objects), they might be assumed, 
with a high degree of probability, to be the successive returns of 
an elliptic comet having that interval as its period, __- 


8. The of about 400 comets had been recorded in 
She anal of vaio sot bore the nd of the seventeenth 
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COMETS INCLUDED WITHIN SATURN’s | 
_ century, the ‘epoch signalised by the discoveries 
Newton, In most cases, however, the only 6 
was the appearance of the object, accompanied in many 
with details bearing evident marks of exaggeration > its 
gnitude, form, and splendour, In some few cases, the eon- 
stellations through which the object passed successively, with the 
necessary dates, are mentioned, and in some, fewer still, obser- 
vations of a rough kind have been handed down. From such 
scanty data, eagerly sought for in the works preserved in different 
countries, sufficient materials have been collected for the com- 
putation, with more or less approximation, of the elements of the 
orbits of about sixty of the 400 comets above mentioned. 
~ Since the time of Newton, Halley, and their contemporaries, 
observers have been more active, and have had the command of 
instruments of considerable and constantly increasing power; so 
that every comet which has been visible from the northern*hemi- 
sphere of the earth since that time, has been observed with 
continually increasing precision, and data have been in all cases 
obtained, by which the elements of the orbits have been caleulated, 
Rince the year 1700, accordingly, about 140 have been observed, 
the elements of the orbits of which have been ascertained with 
great precision. ; hag 

It appears, therefore, that of the entire number of comets w 
have appeared in the firmament, the orbits of about 200 have 
been ascertained. Of this number forty have been ascertained, 
some conclusively, others with more or less probability, to revolve 
in elliptic orbits. 

Seven have passed through the system in hyperbolas, and eon- 
sequently will not visit it again, unless they be thrown into other 
orbits by some disturbing force. : 

One hundred and sixty have passed through the system either 
in parabolic orbits, or in ellipses of such extreme eccentricity as 
to be undistinguishable from parabolas by any data supplied by 
the observations. : 


Il.—ELLIPTIC COMETS REVOLVING WITHIN THE ORBIT OF h 
SATURN, 


19. In 1818, a comet was observed at Marseilles, on the 26th - 
of November, ‘by M. Pons. In the following January, its path 
being caleulated, M. Arago immediately seoognienk Selene 
with one which had pparirramne a Encké el 
of Berlin sueceeded in eale i apa: te 

_ invisible from the visible part—an di found that its period, 
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be 1 ay aga it could have happened that a comet 

made its revolution in a period so short as three years and 
should not have been observed until so recent an epoch 
? Thi is explained by the fact that the comet is so small, 
light so feeble even when in the most favourable position, 
it can only be seen with the aid of the telescope, and not 
with this except under certain conditions which are not ful- 
on the occasion of every perihelion passage. Nevertheless, 
comet was observed on three former occasions, and the general 
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elements of its path recorded, although its elliptic, anc 
sequently periodic character, was not recognised, 


paring, however, the elements then observed with those 
of : deweotertainel, no doubt can be entertained of their 


20, in the following table are given the elements of the orbit 
of this comet, as computed from the observations made upon it at 
each of its three appearances in 1786, 1795, and 1805, before its 
periodic character was discovered, and at its eleven subsequent 


appearances up to 1852. 
TABLE I. 
Elements of the Orbit of Eucké’s Comet to 1852. 





Longitede i 
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; ‘The motion of this comet is tenet} and its period in 1852 was 
_ $-29616 years, which is subject to a slight variation 


Tt is evident that between 1786 and 1799 there wore two, 





Pes. | Longitude | 
Eeren- | jelion | Aphetion of | Inclination. : 
tricity. | Distance,| Distance. Peribelion. Aigpeting of Pestnation | 
ram ora -_—- —— Passage. | 
@=ax | d’=>ax! - > 
*_.|.G-9 | ate is 
i ee ee A, mi. 
OS4S4 | O'SS4S | 40812 [156 38 O834 8 O19 86 OJan. 30, 21 7) 
OS489 | O°3344 | 4°0016 [156 41 20/89 39 42 30 Dec. 21. 10 44 
O'S462 | 03404 | 4°0860 [156 47 24) . 38 20\Nov. 21. 12 9) 
O°8486 | 0°3358 | 40929 /156 59 38 36 St Jan. 27, 6 18) 
O8445 | 08460 | 4.10288 [157 11 2 20 17 May 23. 23 16) 
08449 | 0°3449 | 4°1017 |157 14 31/394 2 21 24/Sept. 16, 6 43) 
O'8446 | 03455 | 41023 1157 17 53/334 29 32/13 20 34 Jan. 9 18 3 
O-8454 | 03425 | 41003 |157 21 1/334 52 9/13 22 9\May 29. 23 34 
O-S450 | O°3444 | 41010 [157 23 20\334 34 SOS 21 15| Aug, 26. 8 49 
OS452 | 0°2440 | 4°1004 |157 27 4/334 36 41/13 21 28\Dec. 19, 0 27 
O-B448 | 0°3450 | 40008 [157 2 27/234 39 10113 20 April12. 0 35 
O-8474 | 0.8381 | 4°1049 (157 44 2/334 19 34113 7 34 Aug. %@ 15 lI 
/O°S478 | 0°3371 | 40993 157 47 Siss4 22 12 Nov. 26. 3+ 0 
G'S477 | 0°3374 | 4-0930 (57 51 2/834 23 21/18 7% 55!March 14. 20 





ee 


It appears therefore, that, excepting the eos ¢ 
the motion of this body differs in nothing hey ms 


whose mean distance from the sun ue i of th 
planetoids. Its eccentricity is such, however, that when in 
perihelion it is within the orbit of Mercu » and when in aphelion — 
it is outside the most distant of the planetoids, and at a distance 
from the sun equal to four-fifths of that of Jupiter, vg 

21, A fact altogether anomalous in the motions of the bodies of | 
the solar system, and indicating a consequence of the highest. 
physical importance, has been disclosed in the observation of the 
motion of this comet. It has been found that its periodic time, 
and consequently its mean distance, undergoes a slow, 
and apparently regular decrease, ‘The decrease is small, but not 
at all uncertain, It amounted to about a day in ten revolutions, 
a quantity which could not by any means be placed to the account 
either of errors of observation or of calculation ; and, besides, 
this increase is incessant, whereas errors would affect the result 
sometimes one way and sometimes the other, The period of the 
comet between 1786 and 1795 was 1208} days ; between 1795 and 
1805 it was 1207%, days; between 1805 and 1819 it was 1 
days; in 1845 it was 1205} days; and, in fine, in 1852 it was 
1204 days. 

The magnitude of the orbit thus constantly decreasing (for the 
cube of its greater axis must decrease in the same proportion as 
the square of the period), the actual path followed by the comet: 
must be a sort of elliptic spiral, the successive coils of which are 
very close together, every successive revolution bringing the 
comet nearer and nearer to the sun, 

Such a motion could not arise from the disturbing action of the 
planets. These forces have been taken strictly into account in 
the computation of the ephemerides of the comet, and there is 
still found this residual phenomenon, which cannot be placed to 
their aceount, but which is exactly the effect which would 


from any physical agency by which the tangential motion of the #3 


comet would be feebly but oor pose resisted, ‘ee an agene 
by diminishing the tangential velocity, wo give increa 
efficacy to the solar attraction, and, consequently, increased cur- 
vature to the comet’s path; so that, after each revolution, it 
would revolve at a less distance from the centre of attraction. 
22. It is evident that a resisting medium, such as the lumini- 
ferous ether * is assumed to be in the hypothesis which fi 


* See ‘ Hand-Book of Astronomy,” $1225. 
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COMETS. 


the basis of the undulatory theory of light, would produce just 
such a phenomenon, and accordingly the motion of this comet 
is regarded as a strong evidence tending to convert that hypo- 
thetiecal Huid into a real physical agent. 

It remains to be seen whether a like phenomenon will lx 
developed in the motion of other periodic comets. The discovery 
of these bodies, and the observation of their motions, are as yet 
too recent to enable astronomers, notwithstanding their greatly 
multiplied number, to pronounce decisively upon it. ‘ 

23. If the existence of this resisting medium should be estab- 
lished by its observed effects on comets in general, it will follow, 
that, after the lapse of a certain time (many ages, it is true, but 
still a definite interval), th 
by the sun, unless, as is not improbable, they 
vaporised by their near ! 
thus be incorporated with 

In the efforts by which 
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o the solar fires, and should 





1 mind labours after truth, it 











is curious to observe how often that de bject is stumbled upon 
by accident, or arrived I } false. One of 
Newton’s conjectures respecting “*¢] 
aliment by which suns are ta 1:” and eon- 
eluded t thes 1 tat f eclit 
upon the suns, round whi y respectively swept; and that 
into these sur hey t ; ipne 

to have been cherished by Newt the latest hou e nha 
he not only consig ; t W but. at th a . 
of eighty-three, a conversation took pl between him ind hi 
nephew on this subject, wl 1as come down tous. “I cannot 


» . ; 
say,” said Newton, ‘‘when tl 1680 will fall into the 


sun; possibly after five or six 
} 
I 


it whenever that 
time shall arrive, 
a Pp 
will perish. The new stars observed by Hippareh 
Kepler, must have proceeded from such a cause for it is impos- 
sible otherwise to explain their sudden splendour ” His ne ; 
then asked him, « Why, when he stated in his wildiaaa tical 
comets would fall into the sun, did he not also st ite those vant mee 
they must produce, as he supposed they had done in the re o” 
—‘* Because,” replied the old man, ‘the conflagrations af th 
ns in, gy us a little more directly. I have said; idenver ” 
adde 2 g, “Se r . 3 
ear smiling, “enough to enable the world to collect my 


; be raised by it to such 





be will be burnt, 


t 
t, that our glo 






mals upon it 


, Tycho, and 





160 





COMETS 


CHAPTER 11 

























W m nate) 
Corrected t u M 1 tiela’s comet. 
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De V ol Brorsen's comet. —34 
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Lexell 88, A sis of Laplace lied 
} ri before 1 and after 1770 ¢ 
vision these 1 y M. Le 
by the identification of ] 
- Application of this process by M, Le Verrier to; the 
‘aye, De Vico, and Brorsen, and that of Lexell- their 
liversity proved.—43. Probable identity De V s comet with the 
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ast astronomical record, the ethereal medium, if it 
Bo sematble effect on the motion of say planct. 
cht have a perceptible effect upon comets, yet not 

s, will not be surprising, if the extreme tness of 
compared with their bulk be considered. ‘The effect 
cases may be compared to that of the atmosphere upon 
sof swan’s down and upon a leaden bullet moving through 
is certain that whatever may be the nature of this resisting 
~~ ‘medium, it will not, for many hundred years to come, produce the 
slightest perceptible effect upon the motions of the planets. 

95. The masses of comets in general are, as will be explained, 
ineomparably smaller than those of the smallest of the planets; 
s0 much so, indeed, as to bear no appreciable ratio to them. A 
P consequence of this is, that while the effects of their attraction 
lg upon the planets are altogether insensible, the disturbing effects. 
a of the masses of the planets upon them are very considerable. 
- These disturbances, being proportional to the disturbing masses, 
' may then be used as measures of the latter, just as the movement 

of the pith-ball in the balance of torsion supplies a measure of 
the physical forces to which that instrument is applied. 
Encké’s comet, near its perihelion, passes near the orbit of 
Mercury ; and when that planet, at the epoch of its perihelion, 
Tiappens to be near the same point, a considerable and measurable 
“disturbance is manifested in the comet’s motion, which being 
_ observed, supplies a measure of the planct’s mass. 
___ This combination of the motions of the planet and comet took 
place under very favourable circumstances, on the occasion of the 
* on passage of the comet in 1838, the result of which, 
g to the calculations of Professor Encké, was the discovery 
| error of large amount in the previous estimates of the mass 
t. After making every allowance for other lanetary 
and for the effects of the resisti medium, the 
which it appears necessary to admit, it was inferred 






































that the mass ed to Mereury by Lapl 
the proportion of 12 to 7. osiaes 

This question is still under examination, and every edin 
perihelion passage of the comet will increase the data | 
its more exact solution may be accomplished, 3 

26. On February 28, 1826, M. Biela, an Austrian officer, 
observed in Bohemia a comet, which was seen at Marseilles at 
about the same time by M. Gambart. The path which it pursued, 
was observed to be similar to that of comets which had appeared 
in 1772 and 1806, Finally, it was found that this body moyed 
round the sun in an oval orbit, and that the time of its revolution 
was about 6 years and 8 months. It has since returned at its 
predicted times, and has been adopted as a member of our system, 
under the name of Biela’s comet. 

Biela’s comet moves in an orbit whose plane is inelined at a 
small angle to those of the planets. It is but slightly oval, the 
length being to the breadth in the proportion of about 4 to 3. 
When nearest to the sun, its distance is a little less than that of 
the earth; and when most remote from the sun, its distance 
somewhat exceeds that of Jupiter. Thus it ranges through the 
solar system, between the orbits of Jupiter and the earth. 

This comet had been observed in 1772 and in 1806; but the 
elliptic form of its orbit, and consequently its periodicity, was 
not discovered. Its return to perihelion was predicted and 
observed in 1832, in 1846, and in 1852; but that which took 
place in 1838 escaped observation, owing to its unfavourable 

yosition and extreme faintness. ' 
; A Table, showing the elements of this comet during each of its 
appearances from 1772 to 1846 inclusive, may be seen by refer- 
ence to my ‘* Hand-Book of Astronomy. ; fare 

27, One of the points at which the orbit of Biela’s comet 
intersects the plane of the ecliptic, is ata distance from the earth’s 
orbit less than the sum of the semi-diameters of the earth and the 
comet, It follows, therefore (2905), that if the comet should 
arrive at this point at the same moment at which the earth 
passes through the point of its orbit which is pee it, a 
portion of the globe of the earth must penctrate the come ; 

It was estimated on the oceasion of the perihelion re 
this comet in 1832, that the semi-diameter of the page oi 
body being nearly globular, and having no perceptible ) 
1000 miles, while the distance of the point at which its cent 
4 . Jane of the ecliptic, on the 29th October m 
passed through the p oye Phe 82 TS 
that year, from the path o : rs la eng lhc 
the centre of the earth happene ne doy, Dualatainse 
orbit nearest to the centre of _ ea on that day, a 
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‘ 1 ; 
miles ; pe j-diameter of the earth being im roun 
ee raaet aston, 3 would follow that in such a contingency 
the earth would have plunged into the comet to a depth of 


21000 + 4000 — 18600 = 6400 miles, 


exceeding three-fourths of the earth’s diameter. 
a The possibility ” such a catastrophe having been oe 

ular alarm was excited before the expected return of the 
comet in 1832. It was, however, shown that on the 29th October 
the earth would be about five millions of miles from the point - 
danger, and that, on the arrival of the earth at that point, the 
comet would have moved toa still greater distance. 
28. Resolution of Biela’s comet into tweo.—One of the most 
extraordinary phenomena of which the history of astronomy 
affords any example, attended the appearance of this comet in 
1846, It was on that oceasion seen to resolve itself into two 
distinct comets, which, from the latter end of December, 1S45, to 
the epoch of its disappearance in April, 1846, moved in distinet 
and independent orbits. The paths of these two bodies were 
in such optical juxtaposition that both were always seen together 
in the field of view of the telescope, and the greatest visual angle 
between their centres did not amount at any time to 10’, the 
variation of that angle arising principally from the change of 
direction of the visual line, relatively to the line joining their 
centres, and to the change of the comet's distance from the earth. 
_. M. Plantamour, director of the Observatory of Geneva, ealeu- 
lated the orbits of these two comets, considered as independent 
bodies; and found that the real distance between their centres 
was, subject to but little variation while visible, about thirty- 
nine semi-diameters of the earth, or two-thirds of the moon’s 
distance. The comets moved on thus side by side, without 
manifesting any reciprocal disturbing action; a circumstance 
— surprising, considering the infinitely minute masses of 


_» 29, The original comet was apparently a globular mass of 
-nebulous matter, semi-transparent at its very centre, no - 
of a tail being discoverable. After the separation, both 
mets had short tails, parallel in their direction, and at right 
angles to the line joining their centres ; both had nuclei, From 
the day of their separation the original comet decreased, 
5 1 ee sean in brightness, until (on the 10th February) 
th am sensibly equal, After this the companion still increased 
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FAYE’S COMET. 


in brightness, and from the 14th to the 16th was not only g 
superior in brightness to the original, but had a shan 
like nucleus, compared to a diamond spark. The ch 
brightness was now reversed, the original comet recovering its 
superiority, and acquiring on the 18th the same appearance ag 
the companion had from the 14th to the 16th. After this the 
companion gradually faded away, and disappeared i to 
the tinal disappearance of the original comet on 22nd April. * 

It was observed also that a thin luminous line or are was 
thrown across the space which separated the centres of the two 
nuclei, especially when one or the other had attained its greatest 
brightness, the are appearing to emanate from that which for the 
moment was the brighter. 

After the disappearance of the companion, the original comet 
threw out three faint tails, forming angles of 120° with each 
other, one of which was directed to the place which had been 
occupied by the companion, 

It is suspected that the faint comet which was observed by 
Professor Seechi to precede Biela’s comet in 1852, may have been 
the companion thus separated from it, and if so, the separation 
must be permanent, the distance between the parts being greater 
than that which separates the earth from the sun. 

30, On the 22nd November, 1843, M. Faye, of the Paris Obser- 
vatory, discovered a comet, the path of which soon appeared to be 
incompatible with the parabolic character. Dr. isk 
showed that it moved in an ellipse of very limited dimensions, 
with a period of 7} years. It was immediately observed as being 
extraordinary, that, notwithstanding the frequent returns to peri- 
helion which such a period would infer, its previous appearances 
had not been recorded. M. Faye replied by showing that the 
aphelion of the orbit passed very near to the path of Jupiter, and 
that it was possible that the violent action of the great mass of 
that planet, in such close proximity with the comparatively light 
mass of the comet, might have thrown the latter body into its 
present orbit, its former path being either a parabola or an ellipse, 
with such elements as to prevent the comet from coming within 
visible distance. M. Faye supported these observations by refer- 
ence to a more ancient comet, which we shall presently notice, to 
which a like incident is er with much probability, if not 

inty, to have occurred. 
omy The observations which had been made in 1848, at several 
i cially those made by M. Struve at 
observatories, but more especially y uit 
Pultowa, who continued to observe the comet long after it 
to be observed elsewhere, supplied to M. Le hepreriesricstion 
sary for the calculation of its motion in the interval meg ar 

































Sccmiaene ner 
io for the . . ¢ 
* Aided by the formule of M. Le Verrier, Lioutenat oe 
caleulated a provisional ephemeris 1850, by wien 
: oe ilv the comet, which was the 
might be enabled more easily to detect the so sap fr 
more necessary as the object is extremely faint rt “re: 
ehpable of being seen except by means of the most pe : A 
Bs ans of this ephemeris, Professor Challis, o am- 
end the comet on the night of the 28th November very 
nearly in the place assigned to it in the tables. Two observations 
were then made upon it, which, however, were oar aie: to 
enable M. Le Verrier to give still greater precision to his formulw, 
by assigning a definite numerical value to a small quantity which 
before was left indeterminate. Lieutenant Stratford, with the 
formula thus corrected, calculated a more extensive and exact 
ph is, extending to the last day of March, and published it 
in J 1851, in the Nautical Almanack. 
a, though extremely faint and small, and consequently 
difficult of observation, continued to be observed by Professor 
Challis, with the great Northumberland telescope, at ( ambridge, 
and by M. Struve at Pultowa, and it was found to move in exact 
accordance with the predictions. 

$2. On the 22nd August, 1844, M. de Vico, of the Roman 
Observatory, discovered a comet whose orbit was soon afterwards 
proved by M. Faye to be an ellipse of moderate eccentricity, with 
a period of about 5} years. It arrived at its perihelion on the 

of September, and continued to be observed until the 7th 
of December. 

33. On the 26th of February, 1846, M. Brorsen, of Kiel, dis- 
covered a faint comet, which was soon found to move in an elliptic 
orbit, with a period of about 5} years, Its position in the heavens 
not being favourable, the observations upon it were few, and the 
resulting elements, consequently, not ascertained with all the pre- 
cision that might be desired. Its re-appearance on its approach 

to the succeeding perihelion, was expected from September to 
N ber, 1851. It escaped observation, however, owing to its 
ble position in relation to the sun. Its next: perihelion 
sage will take place in 1857. 
4, On the 27th of June, 1851, Dr. d’Arrest, of the Leipsi 
' Villarceaux 
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tory, <9 gaat int cones which M. 

ymoye in an elliptic orbit, with a period of about 6 
nex perihelion passage of this comet-will take place 

V7, or the beginning of 1858, nee 

ic a of the recorded observations of former comets by 











in 1850-1, — 











OTHER ELLIPTIC COMETS, — 


the more active and intelligent zeal of modern n 
computers, has led to the discovery of the great probak 
several among them having revolved in elliptic orbits, with periods 
not differing considerably from those of the comets above men- 
tioned, The fact that these comets have not been re-observed on 
their successivereturns through perihelion, may beexplained, either 
by the difficulty of observing them, owing to their unfavourable 
positions, and the cireumstance of observers not expecting their 
re-appearance, their periodic character not being then suspected ; 
or because they may have been thrown by the disturbitig action 
of the larger planets into orbits such as to keep them continually 
out of the range of view of terrestrial observers. 

Among those may be mentioned a comet which appeared in 1743, 
and was observed by Zanetti at Bologna ; the observations indicate 
an elliptic orbit, with a period of about 5} years. 

36. This comet, which was observed by Messier, at Paris, and 
by La Nux, at the Isle of Bourbon, revolved, according to the cal- 
culations of Burckhardt, in an ellipse with a period of 5 years. 

37. The history of astronomy has recorded one singular example 
of a comet which appeared in the system, made two revolutions 
round the sun in an elliptic orbit, and then disappeared, never 
having been seen either before or since. 

This comet was discovered by Messier, in June 1770, in the 
constellation of Sagittarius, between the head and the northern 
“extremity of the bow, and was observed during that month. It 
disappeared in July, being lost in the sun’s rays. After 
through its perihelion, it re-appeared about the 4th of August, 
cand continued to be observed until the first days of October, when 
it finally disappeared. : 

All the attempts of the astronomers of that day failed to deduce 
the path of this comet from the observations, until six years later, 
in 1776, Lexell showed that the observations were explained, not, 
as had been assumed previously, by a parabolic path, but by an 
ellipse, and one, moreover, without any example at that epoch, 
which indicated the short period of 54 years, ‘ ; 

Tt was immediately objected to ee a beers per Ae admis- 
sion would involve the consequence that the comet, with a “6 
so short, and a magnitude and splendour such as it exhibited in 
1770, must have been frequently seen on former returns to peri 
helion ; whereas no record of any such appearance was found. 

To this Lexell replied, by showing that the elements of its orbit, 

derived from the observations made in 1770, were such, that at 
its previous aphelion, . ah bert must bes passed within 
_a distance of the planet Jupi ~cight times less thanitsdistance 
from the sun ; sd eaateronsgconndle must then altel i 
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thrown out of the orbit in which it previously moved, into the 
elliptic orbit in which it actually moved in 1770; that its orbit 
previ oy! to 1767 was, aceording to all probability, a parabola ; 
and, in fine, that consequently moving in an elliptic orbit from 
1767 to 1770, and having the periodicity consequent on such 
motion, it nevertheless moved only for the first time in its new 
orbit, and had never come within the sphere of the sun’s attraction 
gokgkees stated, that since the comet passed through its 
; , which nearly intersected Jupiter's orbit, at intervals 
of somewhat above 5} years, and it encountered the planet near 
that point in 1767, the period of the planet being somewhat 
above eleven years, the planet after a single revolution, and the 
60 after two revolutions, must necessarily again encounter 
each other in 1779; and, that since the orbit was such that the 
Comet must in 1779 pass at a distance from Jupiter 500 times less 
than its distance from the sun, it must suffer from that planet 
an action 250 times greater than the sun’s attraction, and that 
therefore it would in all probability be again thrown into a 
parabolic or hyperbolic path; and if so, that it would depart for 
ever from our system to visit other spheres of attraction. Lexell, 
therefore, anticipated the final disappearance of the comet, which 
actually took place. 

In the interval between 1770 and 1779, the comet returned 
once to perihelion ; but its position was such that it was above the 
horizon only during the day, and could not in the actual state of 
science be observed. 

88. At this epoch analytical science had not yet supplied a 
definite solution of the problem of cometary disturbances. Ata 
overs vor4 gg Boga resumed by Laplace who, in his 

; work, the ‘‘ Mécanique céleste,” gaye the 
‘solution of the following eiiniate += conn pat 
_ “The actual orbit of a comet being given, what was its orbit 
"before, and what will be its orbit after being submitted to any 
given disturbing action of a planet near which it passes 2”? 
89. Applying this to the particular ease of Lexell’s comet, and 
“assuming as data the observations recorded in 1770, 
that, before sustaining the disturbing action of Jupiter in 


_the orbit was such that its perihelion distance 
Very little less than the mean distance of Jupiter, 
































and that consequently it could never have be 
followed also that, after suffering the disturbing ac 
in 1779, the comet passed into an elliptic orbit who 
major was 7°3, that its period was co twenty 
that its eccentricity was such that its perihelion distance was 1 
than twice the distance of Mars, and that in such an orb 
could not become visible. 

40, This investigation was afterwards revised by M.Le Verrier,*  —_ 
which showed that the observations of 1770 were not a 
ciently definite and accurate to justify conclusions so al “ier 
He has shown that the orbit of 1770 is subject to an uncer- 
tainty comprised between certain definite limits; that , 
the consequences of this to the positions of the comet in 1767 
and 1779, these positions are subject to still wider limits of 
uncertainty. Thus he shows that, compatibly with the obser- 
vations of 1770, the comet might in 1779 pass either consi- 
derably outside, or considerably inside Jupiter’s orbit, or might, 
as it was supposed to have done, have passed actually within the 
orbits of his satellites. He deduces in fine the following general 
conclusions :— 

1, That if the comet had passed within the orbits of the satellites, 
it must have fallen down upon the planet and coalesced with it; 
an incident which he thinks highly improbable, though not — 
absolutely impossible. , 

2. The action of Jupiter may have thrown the comet in 
parabolic or hyperbolic orbit, in which case it must 
departed from our system altogether, never to return, except 
the consequence of some disturbance produced in another sp 
of attraction. 


ze 
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3. It may have been thrown into an elliptic orbit, having a 
great axis and long period, and so placed and formed that the 


comet could never become visible; a supposition within whieh 5 
comes the solution of Laplace, St 
4. It may have had merely its elliptic elements more or less 
modified by the action of the planet, without losing its character 
of short periodicity ; a result which M. Le Verrier thinks the _ 
most probable, and. which would render it possible that this 
comet may still be identified with some one of the many comets of a 
short period, which the activity and sagacity of observers are (a 
every year discovering. ore a ae pe 
Mo facilitate such researches, M. Le Verrier has given a fable, 
including all the possible systems of elliptic elements of s! 
period which the comet could have assumed, subject to’ 


* See Mém. Acad. des Sciences, 1847, 1848. oe : 
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in 1779, and taking the observations of 
limits of error. an gf “ 
He further di ates, that the orbit in which the comet 
_ moved antecedently to the disturbing action of Jupiter upon it in 
1767, not only could not have been a parabola or hyperbola, but 
must have been an ellipse, whose major axis was considerably 
less than that which Laplace deduced from the insufficient 
observations of Messier. He shows that, before that epoch, 
the perihelion distance of the comet could not, under any 
possible supposition, have exceeded three times the earth’s 
mean distance, and: most probably was included between 14 and 
2 times that distance; and that the semi-axis major of the 
orbit could not have exceeded 4} times the earth’s mean distance, 
& magnitude 3 times less than that assigned to it by the caleula- 
tions of Laplace. 
41, It ree. however, be supposed that it is sufficient to 
compare the actual elements of each periodic comet thus dis- 
covered, with the elements given in the table of M. Le Verrier, 
and to infer the absence of identity from their discordance. Such 
an inference would only be rendered valid by showing, that in 
past ages, the comet in question had suffered no serious disturbing 
action by which the elements of its orbit could be considerably 
thanged. To decide the question a much more laborious and 
difficult process must be encountered: a process from which the 
untiring spirit of M. Le Verrier has not shrunk. It is necessary, 
in fine, to the satisfactory and conclusive solution of such a 
problem, that the periodic comet in question should be traced 
back through all its previous revolutions up to 1779, that all 
the disturbances which it suffered from the planets which it 
encountered in that interval be calculated and ascertained, and 
that by such means the orbit.which it must have had previous to 
such disturbances, in 1779, be determined. Such orbit would 
then be compared with the table of possible orbits of Lexell’s 
comet, as given by M. Le Verrier; and if it were found to be 
pe with any of them, the identity of the comet in ques- 
with that of Lexell, would be inferred with the highest 
degree of probability; but if, on the other hand, such disere- 
pancies were found to prevail as mus : 
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errors of observation or calculation, Senet ot mnemiale 
would follow. 


the diversity of the comets 
42, M. Le Verrier has applied these principles to the comets of 


Faye, De Vico, and Brorsen ; tracing back their hy ; 
their unseen motions for three-quarters of a pl aon 
taining the effects of the disturbing actions He gr ear 

170 have toaiained. Sek: petelatien to-tevolation, until he 
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with it, however strongly some of the 
orbits may raise such a presumption. 
43, The comet of De Vico having presented striking 
with a comet which was observed by Tycho Brahe and Rot 
mann in 1685, and one observed by La Hire in 1678, M. Is 
Verrier has applied like principles to the investigation of 
questions, 
MM. Laugier and Mauvais observed that the elements 
Vico's comet presented such a resemblance to that of Tycho B 
as almost to decide the question of their identity. M. Le V 
tracing back the comet of De Vico to 1585, has shown that 
orbit at that epoch was so different from that of the comet 
Tycho, as to be incompatible with any plausible inference of th 
identity.* ie 
He has shown, however, by like reasoning, that there is a hi 
<legree of probability that the comet of De Vico is identical 
that observed by La Hire in 1678, ; 
44. M. Blainplan discovered a comet at Marseilles on 1 
November, 1819, which was observed at Milan u 
January, 1820, The observations reduced and caleul 
Prof. Encké gave an elliptic orbit with a period a little 
five years. Clausen conjectures that this comet may be ide 
with that of 1743. It has not been seen since 1820. 
45, A comet was discovered by M. Pons on June 12th, 18) 
which was observed until July 19th. Prof. Encké assigned t 
an elliptic orbit, with a period of 54 years. : : 
46, A comet, discovered by Mr. Pigott at New York a 
was shown by Burckhardt to have an elliptic orbit, with a pe 
of 5} years. 
m3 On the 26th June, 1846, a comet was discovered at N 
by M. Peters, which was subsequently observed at Rome by 
Vico, and continued to be seen until 2ist July. An elliptic « 
is assigned to this comet, with a period of from thirteen to six 
years, some uncertainty attending the observations, ‘The _ 
’ 32 a ? 5 
appearance of this comet may be expected in 1859, 1860. 
48. A synoptical Table, showing the elements of the 
comets above described, may be seen by a reference 
“ Hand-Book of Astronomy. S mabe 
49. In fig. 2 (page 172), the orbits of these thi 
brought to a common plane, are 1 roughly 
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ge which a represents the mean angular velocity, a’ the greatest, 


least iheli ion distances. 
«at rihelion, and d” the aphelion dis 
ose periodic lam 8 comet, and @ the mean distance. 
> nit numbers which express these angular motions, also 
oe in all cases the intensities of solar light and heat in the 
several ro of the comet; and also the apparent motion of 
care from the comet ; and a comparison of these with 
> ga ns nding numbers related to any of the planets, will 
in a striking manner how different are the mb 
conditions hich these two classes of bodies are affected; anc : 
‘this will somali more striking, when the other groups of 
comets have been noticed. 
Taking the comet of Encké as an example, it appears that 
swhile its mean daily motion is 1076" or 18, its motion in aphe- 
lion is only 6’, and in perihelion nearly 15°. Its motion in 
perihelion, the light and heat it receives from the sun, and 
’ i f the s 3 se from it, are therefore 
the apparent motion of the sun as seen fr t, a 
severally more than 150 times greater in pe rihelion than in 
aphelion. 


TIl.—ELLIPTIC COMETS, WHOSE MEAN DISTANCES ARE NEARLY 
EQUAL TO THAT OF URANUS, 


51. It might be expected, that comets moving in elliptic orbits 
of small dimensions, and consequently having short periods, would 
have been the first in which the character of periodicity would be 
- + discovered. The comparative frequency of their returns to those 
cS Positions near perihelion, where alone bodies of this class are 
visible from the earth, and the consequent possibility of verifying 
the fact of periodicity, by ascertaining the equality of the intervals 
___ between their successive returns to the same heliocentric position, 
 tosay nothing of the more distinctly elliptic form of the ares of 
their orbits in which they can be immediately observed, would 

fford strong ground for such an expectation ; nevertheless in this 


_as has happened in so many others in the f phy- 
Sedeindge; Sho sctasl rectts of shacethe tier ot ek 
been directly contrary to such an antic 
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periods, and frequent returns, the last whose 
discovered. ae ae 

52. It is evident that the idea of the possi 
comets with periods shorter than those of the more remote pla 
and orbits circumscribed within the limits of the solar system, : 
never occurred to the mind either of Newton or any of his eon- 
temporaries or immediate successors. ees 

In the third book of his PRINcTVIA, he calls comets a species of 
planets, revolving in elliptic orbits of a very oval form. But he 
continues, ‘I leave to be determined by others the transverse 
diameters and periods, by comparing comets which return after 
long intervals of time to the same orbits,” 

It is interesting to observe the avidity with which minds of a 
certain order snatch at such generalisations, even when but slen- 
derly founded upon facts. These conjectures of Newton were soon 
after adopted by Voltaire: “Tl y a quelque apparence,” says he, 
im an essay on comets, ‘‘qu’on connattra un jour un certain 
nombre de ces autres plandtes qui sous le nom de cométes tournent 
comme nous autour du soleil, mais il ne faut pas espérer qu’on les 
connaissent toutes.” 

And again, elsewhere, on the same subject: — 


“ Comé*es, que l'on craint a l'égal du tonnerre, 
Cessez d'épouvanter les peuples de la terre ; 
Dans une ellipse immense achevez votre cours, 
Remontez, descendez prés de l'astre des jours.” 


53. Extraordinary as these conjectures must have appeared at 
the, time, they were soon strictly realised. Halley undertook 
the labour of examining the circumstances attending all the 
comets previously recorded, with a yiew to discover whether 
any, and which of them, appeared to follow the same path, 
He found that a comet which had been observed by himself, 
by Newton, and their contemporaries in 1682, followed a path 
while visible, which coincided so nearly with those of comets 
which had been observed in 1607, and in 1531, as to render it 
extremely probable, that these objects were the same identical 
comet, revolving in an elliptie orbit of such dimensions, as to 
cause its return to perihelion at intervals of 75—76 years, ; 

The comet of 1682 had been well observed by La Hire, Pieard, 


Hevelius, and Flamstead, whose observations all the 
data necessary to calculate its path while visible. of 1607 


had been observed by Kepler and Longomontanus; and that of 
1531, by Pierre Apian at Ingolstadt, the observations in both 
cases being also suflicient for the determination of the path of the 
body, with all the accuracy necessary for its ene Kg 


seeeding return to 


COMETS. 


* 54, Of the identity of the paths while visible on each of these 
ces Halley entertained no doubt, and. announced. to the 
lliptic motion of comets, as the result 
of combined observation and calculation, and entitled to as much 
confidence as any other consequence of an established physical 
law; and predicted the re-appearance of this body, on its suc- 
perihelion in 1758-9. He observed, however, 


ap 
world the discovery of the e 


that as in the interval between 1607 and 1682 the comet passed 


near Jupiter, its velocity must have been augmen 
quently its period shortened by the action of that planet. Chis 

eriod, therefore, having been only seventy-five years, he inferred , 
that the following period would probably be seventy-six years or 
upwards ; and consequt ntly that the comet ought not to be exper 
to appear until the end of 1758, « 
impossible to imagine any qualit 
which, in the existing state of 


ted, and conse- 
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rthe beginning ot 
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led to such a prediction. TI science ren- 
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» offer to the world a demonstra- 





dered it impossible for Hall 
tion of the event which he foretold. ‘‘ He therefore,” says M. de 
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the comet in 1456, was described by con- 
Teast eathorites to have been an object of ‘unheard-of 
itude ;”” it was accompanied by a tail of pr page met, 
which extended over sixty degrees (a third of the rpg Th 
continued to be seen during the whole of the month of June. The 
influence which was attributed to this appearance, renders it pro- 
bable that in the record there exists more or less of exaggeration. 
It was considered as the celestial indication of the rapid success of 
Mohammed IL., who had taken Constantinople, and struck terror 
into the whole Christian world. Pope Calixtus II. levelled the 
thunders of the Church against the enemies of his faith, terres- 
trial and celestial, and in the same bull exorcised the Turks and 
the comet ; and in order that the memory of this manifestation of 
his power should be for ever preserved, he ordained that the bells 
of all the churches should be rung at midday—a custom which is 
in those countries to our times. It must be admitted 
that, notwithstanding the terrors of the Church, the comet pur- 
sued its course with as much ease and security, as those with which 
Mohammed converted the church of St. Sophia into his principal 
ue. 
The extraordinary length and brilliancy which was ascribed to 
the tail upon this occasion, have led astronomers to investigate 
the circumstances under which its brightness and magnitude would 
be the greatest possible; and, upon tracing back the motion of 
the comet to the year 1456, it has been found that it was then 
actually under the circumstances of position with respect to the 
earth and sun most favourable to magnitude and splendour, So 
far, therefore, the results of astronomical calculation corroborate 
the records of history. 

55. In the interval of three-quarters of a century'which elapsed 
between the announcement of Halley’s prediction and the date of 
its expected fulfilment, great advances were made in mathematical 
science ; new and improved methods of investigation and caleu- 
lation were invented; and, the theory of gravitation was pur- 
sued with extraordinary activity and success through its conse- 
quences in the mutual disturbances produced upon the motions 
of the planets and satellites, by the attraction of their masses one 
upon another. As the epoch of the expected return of the comet 
to its perihelion approached therefore, the scientifie world resolved 
to divest, as far as possible, the prediction, of that vagueness 
which necessarily attended it owing to the imperfect stato of 
wiinnae o the time it was made, and to calculate the exact effects 
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of those planets whose masses Were sufficiently great, in acee 

rating or retarding its motion while passing oh oe Mae 
56, This inquiry, which presented great mathematical diffi- 

culties and involved enormous arithmetical labour, was undertaken 

by Clairant and Lalande: the former, a mathematician and 
natural philosopher, who had already applied with great success 
the principles of gravitation to the motions of the moon, undertook 
the purely analytical part of the investigation, which consisted 
in establishing certain general algebraical formule, by which the 
disturbing actions exerted by the planets on the comet were 
expressed ; and Lalande, an eminent practical astronomer, under- 
took the labour of the arithmetical computations, in which he 
was assisted by a lady, Madame Lepaute, whose name has thus 
become celebrated in the annals of science, 

When it is considered that the period of Halley’s comet is about 
seventy-five years, and that for two successive periods, it was 
necessary to calculate every portion of its course separately in 
this way, some notion may be formed of the labour encountered 
by Lalande and Madame Lepaute. “ During six months,” says 
Lalande, ‘ we calculated from morning till night, sometimes 
even at meals; the consequence of which was, that I contracted 
an illness which changed my constitution for the remainder 
of my life. The assistance rendered by Madame Lepaute was 
such, that without her we never could have dared to undertake 
this enormous labour, in which it was necessary to calculate the 
distance of each of the two planets, Jupiter and Saturn, from 
the comet, and their attraction upon that ‘body, separately, for 
every successive degree, and for 150 years.” 

The name of Madame Lepaute does not appear in Clairaut’s 
memoir; a suppression which Lalande attributes to the influence 
exercised by another lady to whom Clairaut was attached. 
Lalande, however, quotes letters of Clairaut, in which he 
in terms of high admiration of “la savante caleulatrice.” The 
labours of this lady in the work of calculation (for she also 
assisted Lalande in constructing his ‘ Ephemerides”) at length 
so weakened her sight that she was compelled to desist. She 
died in 1788, while attending on her husband, who had become 
insane. See the article on comets, by Prof. de Morgan,’ in the 
“Companion to the British Almanac” for the year 1833, 

These elaborate calculations being completed, Clairaut 
the result of their joint labours, in a memoir to the Academy of 
Sciences of Paris, in which he predicted the next arrival of the 
comet at perihelion, on the 18th of April, 1759; a date, however, 
which, before the re-appearance of the comet, he found reason to 
change to the 11th of April; and assigned the path er’ 
n2 
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comet would follow while visible as determined by the following 
data :— 


Longitude 


Yirectio 
Inclination. of node, Direction. 





o*s8 retrograde. 


uy?) 37 53° 5° 





57. In announcing his prediction Clairaut stated, that the 
time assigned for the approaching pe ribelion might vary from the 
actual time to the extent of a month ; for that independently of 
any error either in the methods or process of calculation, the 
eyent might deviate more or less from its predicted occurrence, 
by reason of the attraction of an undiscovered planet of our 
system revolving beyond the orbit of Saturn. In twent 
years after this time this co by the dis- 
covery of the planet Uranus, by late Sir William Herschel, 
revolving round the sun one thousand 
the orbit of Saturn ! 

58. The comet, in fine, appeared in Dee 
the path predicted by Clairaut, whic! 
which it had pursued on former apy 
perihelion on the 13th of Mar¢ 
time, and within the limit of the possible errors assigned by 
Clairaut. 

59. The general effects of a planet in accelerating or retarding 
the motion of a comet are easil 
details of the disturbances are too complicated to admit of any 
exposition here. 

Let P, fig. 3, represent the place of the disturbing planet, and 
c that of the comet. The attraction of the planet on the comet 

will then be a force directed from c 

Fig. 3. towards Pp, and by the principle of the 

m’ composition of forces is equivalent to 
f/ two components, one c m in the direc- 


-two 





ire was realised, 





illions of miles beyond 


ber 1758, and followed 
little from that 
assed through 


y-two days of 






explained, although the exact 





mn e » ’ 
tion of the comet’s path, and the other 
j C cn perpendicular to that path. If the 
ZA motion of the comet be directed from c 





towards m, it will be accelerated; and 
Bi if it be directed from ¢ towards m’, it 

will be retarded by that component of 
the planet’s attraction which.is directed from c tom, ‘The other 
component c » being at right angles to the comet’s motion, will 
have no direct effect either in accelerating or retarding it, 

It appears, therefore, in general that, if the direction of the 
comet’s motion c m make an acute angle with the line ¢ p drawn 
to the planet, the planet’s attraction will accelerate it; and if 
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ie yg cm make an obtuse angle with the line c P, it will 

This being understood, the disturbing action of a pl 
as Jupiter or Saturn on a comet such as Halley’s may be easily 
comprehended, In fig. 4, the orbit of the comet is represented at 
A ¢ P c” in its proper proportions, 

AP being the major axis, p the place Fig. 4. 

of perihelion, a that of aphelion, 
and s that of the focus in which the 
sun is placed. The small circle de- 
scribed round s represents in its 
proper proportions the orbit of the 
earth, whose distance is about twice 
that of the comet when the latter is 
at perihelion. The circle p p' p" re- 
presents in its proper proportions 
the orbit of Jupiter which, for illus- 
tration, we shall consider as the 
disturbing planet. 

It will be apparent on the mer 
inspection of the diagram, that lines 
drawn from the planet whatever be 
its place, to any point whatever of 
the comet’s path between its aphe- 
lion a, and the point m’ where it 
arrives at the orbit of the planet 


anet such 





in approaching the sun, will mak« 
acute angles with the direction of 
the comet’s motion; and that, con- 
sequently, the comet will be accele- 
rated by the action of the planet. 
In like manner, it is apparent that 
lines drawn from the planet what- 





ever be its place, to any point 

whatever of the comet’s path between m and aphelion a, will 
make obtuse angles with the direction of the comet’s motion ; and, 
consequently, the comet will be retarded by the action of the 
planet, in departing from the sun, from m to A. 

In that part of the comet’s path which lies within the planet's 
orbit, the action of the planet alternately accelerates and retards 
it, according to their relative position. If the planet be at p, 
suppose po drawn so as to be at right angles to the path of the 
comet. Between mand o the action of the planet at p will 
accelerate the comet, and after the comet passes o it will retard 
it. In like manner if the planet be at p", it will first retard 
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erp ‘ar i toe go comet’s motion, after which it will 
accelerate it. eae 
Tt appears, therefore, that during the period of the comet, 
the disturbing action of the planet is subject to several changes 
of direction, owing partly to the change of position of the comet 
rd. pe to that of the planet; and the total effect of the dis- 
ng action of the planet on the comet’s period is found by 
the difference between the total amount of all the accele- 
ing and all the retarding actions. 
Tn the case of the planet Jupiter and Halley’s comet, the 
emer makes nearly seven complete revolutions in a single period 
of the comet ; and consequently its disturbing action is not only 
subje ) several changes of direction, but also to continual vari- 
of intensity, owing to its change of distance from the comet. 
‘as the are m’ P m of the comet’s path is which is included 
within the orbit of Jupiter, the fraction of the period in which 
this are is traversed by the comet is much smaller, as will be 
by considering the application of the principle of equable 
areas * to this case. The time taken by the comet to move over 
x the are m’ Pp m is in the same proportion to its entire period, as the 
r area included between the are m’ P m and the lines m’s and ms 
5 is to the entire area of the ellipse « r. 
Y To simplify the explanation the orbit of the comet has here 
iy: been supposed to be in the plane of that of the disturbing planet. 
If it be not, the disturbing action will have another component 
7, at right angles to the plane of the comet’s orbit, the effect of 
i will be a tendency to vary the inclination. 
E 60, The result of the investigation by Clairaut showed, that the 
total effect of the disturbing action of Jupiter and Saturn on 
iP Halley’s comet between its perihelions in 1682 and in 1759, was 
a to increase its period by 618 days as compared with the time of 
ay. its preceding revolution, of which increase, 100 days were due to 
D the action of Saturn, and 518 to that of Jupiter. 

Clairaut did not take into account the disturbing action of the 
earth, which was not altogether inconsiderable, and could not 
allow for those of the undiscovered planets, Uranus and Neptune. 

The effects of the action of the other planets, Mars, Venus, Mer- 
oury, and the planetoids, are in these cases insignificant, 
61. In the interval of three quarters of a century which pre- 









- eeded the next re-appearance of this comet, science continued to 
progress, and instruments of observation and principles and 
Biv cape eh 


“a : * See ‘ Wandbock of Astronomy,” chap, xii, § 2509. 











methods of investigation were still durther improved; a1 above 
all, the number of observers was greatly augmented, coo 
epoch of its return in 1835, its motions, and the effects produced 
upon them by the disturbing action of the several “were 
computed by MM. Damoiseau, Pontecoulant, Rosenberger, and 
Lehmann, who severally predicted its arrival at perihelion :— 


Damoiseau ; . 4th Nov. 1885. 
Pontecoulant ee uel r 
Rosenberger . - - llth - 
Lehmann . j » »« 26th 


” 


62. These predictions were all published before July, 1835, 
The comet was seen at Rome on the 5th August, in a position 
within one degree of the place assigned to it for that day, in the 
ephemeris of M. Rosenberger. On the 20th August, it became 
visible to all observers, and pursued the course with very little 
deviation, which had been assigned to it in the ephemerides, 
arriving at its perihelion on the 16th Noy., being very nearly a 
mean between the four epochs assigned in the predictions. 

After this, passing south of the equator, it was not visible in — 
northern latitudes, but continued to be seen in the southern 
hemisphere until the 5th of May, 1836, when it finally disappeared, 
not again to return until the year 1911. 

63. A synoptical Table of the elements of the orbit of this 
comet, deduced from the observations made on each of its seven 
suocessive returns to perihelion, between 1378 and 1835 in- 
clusive, may be seen by a reference to the ‘‘ Hand-Book of 
Astronomy.” 

It appears that the mean distance of this comet is about 
eighteen times that of the earth, and that it is consequently at a 
little less than the mean distance of Uranus. When in 
helion, its distance from the sun is about half the earth’s 
distance, while its distance in aphelion is above thirty-five times, 
the earth’s distance, and therefore seventy times its perihelion 
distance, 3 : 

64. On the 20th of July, 1812, a comet was discovered by 
M. Pons, whose orbit was calculated by Professor Eneké, and was 
found to be an ellipse of such aeongeces as to give a period of 
75% years, equal to that of Halley’s comet. 

re On the 6th of March, 1815, Dr. Olbers diseovered at 
Bremen, a comet whose orbit, caleulated by Professor Bessel, 
proved to be an ellipse, with a period of 74 years. ag ae 
perihelion passage of this comet is predicted for the 9th o 
February, 1887, 183 





Ga, On the 26h of February, 1846 3. de Vie dawned 
net abe! se or . fi 1 ty ‘ 
and Pierce, appears to be an ellipse, with a period of 72-73 


67. A comet was discovered by M. Brorsen at Altona, on the 
20th of July, 1847 ; the orbit of se — by M. d’Arrest, 
a to be an ellipse, with a period of 75 years. 

me. On the 27th rr une, 1852, a comet was discovered by 
M. Westphal at Gottingen, and was soon afterwards observed by 
M. Peters at Constantinople. The calculation of its orbit proves 
it to be an ellipse, with a period of about 70 years. 

69. A synoptical Table, presenting the data necessary to deter- 
mine the motions of these six comets, may be seen by a reference 
to the  Hand-Book of Astronomy.” 

: | aa 70. In fig. 5 (p. 145), is presented a plan of the orbits, brought 
ad a common plane, and drawn according to the scale indicated, 

Be This figure shows, in a manner sufficiently exact for the purposes 
+ — of illustration, the relative magnitudes and the forms of the six 

ay? orbits, as well as the directions of their several axes with relation 
to that of the first point of Aries. 

71. By comparing the elements given in the table referred to 
above, and the forms and magnitudes of the orbits shown in the 
diagram, with those of the first group of elliptic comets given in 
3 Table III, ‘‘ Hand-Book of Astronomy,” chap. XVIII, and drawn 
ie in fig. 2 (p. 172), it will be perceived that the planetary charac- 

teristics noticed in the latter group, are nearly effaced, Five of 

the six comets composing the second group, revolve in the common 
_ direction of the planets, and this is the only planetary character 
observable among them. ‘The inclinations, no longer limited to 





























tricities are all so extreme, that the are of the orbit near perihelion 
approximates closely to the parabolic form, and the most remark- 
able body of the group, the comet of Halley, revolves in a direction 
eontrary to the common motion of the planets. 
ae But it is more than all in the elongated oval form of their 
___ orbits, that this group of comets differs, not only from the planets, 
but from the first group. While their perihelia are at distances 
from the sun, between those of Mars and Mercury, their aphelia 
are from two to five hundred millions of miles outside the orbit 
of Neptune. Thus, the comet of Halley, for example, in perihe- 
lion, is at a distance from the sun less than that of Venus; but 
at its aphelion, its distance exceeds that of Neptune by a space 
greater than Jupiter's distance from the sun. The mean 
‘motion of this comet is nearly the same as that of Uranus ; but 
its angular motion in perihelion is three times that of Mereury ; 
a ee 2 


those of the planetary orbits, range from 18° to 74°. The eccen-_ 
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while its angular motion in aphelion is little more than half that 
of Neptune. é; WEE tae, Retna 

The corresponding variations of solar light and heat, and of the 
apparent magnitude and motion of the sun as seen from the comet, 
may be easily inferred. bs 


IV.—ELLIPTIC COMETS WHOSE MEAN DISTANCES EXCEED THE 
LIMITS OF THE SOLAR SYSTEM, 


_ 72, Although the periodicity of this class of comets has not yet 
in any instance been certainly established by observations made 
upon their successive returns to perihelion, the observations made 
upon them during a single perihelion passage indicate an are of 
their orbit, which exhibits the elliptic form so unequivocally, as 
to supply computers and mathematicians with the data necessary 
to obtain, with more or less approximation, the value of the eccen- 
tricity, which, combined with the perihelion distance, gives the 
form and magnitude of the comet’s orbit. 

By calculations conducted in this manner, and applied to the 
observations made on various comets which have appeared since 
the latter part of the seventeenth century, the elliptic orbits of 
twenty-one of these bodies have been computed, and are given in 
the order of the dates of their perihelion passages in a table whieh 
will be found in my ‘‘ Hand-Book of Astronomy.” 

Of this group the least eccentric is No, 15, which passed its 
perihelion in 1840, This comet was discovered at Berlin by M. 
Bremiker, and its orbit was calculated by Gétze, and proved to 
be an ellipse, having the elements given in the table, subject to 
no greater uncertainty than th of the value assigned to the mean 
distance. The eccentricity, and consequently the form of the 
orbit, is similar to that of Halley, but the major axis is 25 times, 
and the period nearly five times greater, Its perihelion distance 
is equal to that of Mars, and its aphelion distance more than three 
times that of Neptune. : 

No. 6, which passed its perihelion in 1793, has an orbit, accord= 
ing to the calculations of )’ Arrest, nearly similar both in form and 
magnitude, as will be seen by comparing the numbers given in 
the table. More uncertainty, however, attends the estimation of 
these elements. 

The comets which approached nearest to the sun were the great 
comets of 1680 and 1843, Nos, 1 and See ho both memor- 
able for their extraordinary magnitude endour. : 

The elements of that of 1680, given in the table, — 
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which have resulted from’ the calculations of Professor Encké, 
based on all the observations of the comet which have been re- 
corded. The elements of the great comet of 1843 have resulted 
from the computations of Mr. Hubbard. Both are subject to 
considerable uncertainty, and must be accepted only as the best 
approximations that can, be obtained. / 
What is not subject, however, to the same uncertainty, is the 
extraordinary proximity of these bodies to the 
sun at their respective perihelia, The peri- 
helion distance of the comet of 1680 was about 
576000 miles, and that of 1843, 538000 miles. 
Now the semidiameter of the sun being 441000 














miles, it follows that t tance of the centres 
of those cot from tl urface 
of the sun at ; st have beer ly 
235000 and wy) o tha t emi- 
diameter of the 1 s envelope of either of 
them ex¢ hey must have 
uctually grazed t 

The velocity the orbital motion of these 
bodies in perihelion appears by the table to be 
such, that the met of 1680 w 1 have re- 
volved round t n in a minute, and that of 
1843 ina little less than two minutes, if they re- 
tained the same angular motion undiminished. 

The distar to which the comet of 1680 
recedes in its aphelion is 284 times greater than 


thatof Neptune. The apparent diameter of the 
sun seen from that distance would be 2”, and 
the intensity of its light and heat would be 
730000 times less than at the earth; while 
their intensity at the perihelion distance would 
be 26000 times greater, so that the light and 
heat received by the comet in its aphelion 
would be 26000 x 730000=18980 million times 
less than in perihelion. 

The greatest aphelion distances in the table 
are those of Nos. 5, 13, and 17, the comets of 1780, 1830, and 1844, 
amounting to from 100 to 140 times the distance of Neptune; the 
eccentricities differing from unity by less than ;3,. These orbits, 
though strictly the results of calculation, must be regarded as 
subject to considerable uncertainty. 

73, To convey an idea of the form of the orbits of the comets 
of this group, and of the proportion which their magnitude 
bears to the dimensions of the solar system, we haye drawn in 
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HYPERBOLIC AND PARABOLIC COMETS, 


fig. 6, an ellipse, which may be considered as re 
form of the orbits of the comets Nos. 15, 6 
Table VI in the “‘ Handbook of Astronomy.” 

If the ellipse represent the orbit of the comet No, 15, the circle 
a will represent on the same scale the orbit of Neptune. 

If the ellipse represent the orbit of the comet No, 6, the circle & 
will represent the orbit of Neptune. 

If the ellipse represent the orbit of No. 9, the circle ¢ will 
represent the orbit of Ne ptune. 


If the ellipse represent the orbit of No, 12, the circle d will 
represent the orbit of Neptune. 


If the ellipse represent the orbit of No. 1, the circle e will 
represent the orbit of Neptune. 


presenting the 
» 9, 12, and 1, of 


V. HYPERBOLIC COMETS, 


74. Ina Table in the ‘‘ Hand-Book of Astronomy” are given 
the elements of seven comets which appear by the results of cal- 
culati 


ns made upon the observations to have passed through the 
system in hyperbolic orbits. 





VI. PARABOLIC COMETS. 


75. Of all the remaining number of comets which have been 
seen in the heavens and recorded in history, one hundred and 
sixty-one have been observed with sufficient precision to enable 
astronomers to determine, with more or less approximation, their 
parabolic orbits. A table giving the elements of these, with the 
dates of their appearance, will be found in the eighteenth chapter 
of the ** Handbook of Astronomy.” 


VII.—PHYSICAL CONSTITUTION OF COMETS, 


76. Comets in general, and more especially those which are 
visible without a telescope, present the appearance of a roundish 
mass of illuminated vapour or nebulous matter, to which is often, 
though not always, attached a train more or less extensive, com~ 
posed of matter having a like appearance. The former is called 
the HEAD, and the latter the rar, of the comet. on 

77. The illumination of the head is not generally untorm. 
Sometimes a bright centrak spot is seen in the nebulous matter 
which forms it. ‘This is called the NUCLEUS. 


The nucleus sometimes appears as a bright stellar — are 
i 













and the ¢ seems to be a mere 
m its to its centre. 
pee a nucleus is apparent, or supposed to be so, the 

nebulous haze which surrounds it and forms the exterior part of 
the head is called the coma. . 

99, These designations are taken from the Greek word Kouh 
 (komé) hair, the nebulous matter composing the coma and tail 
being supposed to resemble hair, and the object being therefore 
called xoujrns (kometes), a hairy star. 
80, As the ‘ow of the coma gradually fades away towards 
the edges, it is impossible to determine with any great degree of 
precision its real dimensions. These, however, are obviously 
_ subject to enormous variation, not only in different comets com- 
pared one with another, but even in the same comet during the 
a interval of a single perihelion passage. The greatest of those 
which haye been submitted to micrometrical measurement was 
* the great comet of 1811, the diameter of the head of which was 
found to be not less than 1} millions of miles, which would give 
a yolume greater than that of the sun in the ratio of about 2 to 1. 
The diameter of the head of Halley’s comet when departing from 
the sun, in 1836, at one time measured 357000 miles, giving a 
yolume more than sixty times that of Jupiter. These are, how- 
ever, the greatest dimensions which have been observed in this 
Bs class of objects, the diameter rarely exceeding 200000 miles, and 
a being generally less than 100000. 
K 81. Attempts have been made where nuclei were pereeivable, 

: to estimate their magnitude, and diameters have been assigned to 
i them, varying from 100 to 5000 miles. For the reasons, how- 

___ ever, already explained, these results must be regarded as very 
doubtful, 

Those who deny the existence of solid matter within the coma, 
maintain that even the most brilliant and conspicuous of those 
bodies, and those which have presented the strongest resemblance 
to planets, are more or less transparent. It might be supposed 
that a fact so simple as this, in this age of astronomical activity, 
could not remain doubtful; but it must be considered, that the 
 eombination of circumstances which alone would test such a ques- 

- tion, is of rare occurrence. It would be necessary that the centre 
of the head of the comet, although very small, should pass 
-eritically over a star, in order to ascertain whether such star is 
visible through it. With comets having extensive comm without 
- nuclei, this has sometimes occurred ; but we have not had such 
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PHYSICAL CONSTITUTION oF COMETS. 


satisfactory examples in the more instances of those which 
_ os uae x a { — eager 
nthe absence of a more decisive test of the occultation of ; 
star by the nucleus, it has been maintained that the ame 
a solid nucleus may be fairly inferred from the great splendour 
which has attended the appearance of some comets. A mere mass 
of vapour could not, it is contended, reflect such brilliant light. 
The following are the examples adduced by Arago :— 

“In the year 43 before Christ, a comet appeared which was 
said to be visible to the naked eye by daylight. Tt was the comet 
which the Romans considered to be the soul of Cesar transferred 
to the heavens after his assassination, 

“In the year 1402 two remarkable comets were recorded, The 
first was so brilliant that the light of the sun at noon, at the end 
of March, did not prevent its nucleus, or even its tail, from being 
seen. The second appeared in the month of June, and was visible 
also for a considerable time before sunset. 

“In the year 1532, the people of Milan were alarmed by the 
appearance of a star which was visible in the broad daylight. At 
that time Venus was not in a position to be visible, and conse- 
quently it is inferred that this star must have been a comet, 

“The comet of 1577 was discovered on the 13th of November 
by Tycho Brahe, from his observatory on the isle of Huene, in the 
Sound, before sunset. 

On the Ist of February, 1744, Chizeaux observed a comet 
more brilliant than the brightest star in the heavens, which soon 
became equal in splendour to Jupiter, and in the beginning of 
March it was visible in the presence of the sun. By selecting a 
proper position for observation, on the Ist of March it was seen at 
one o’clock in the afternoon without a telescope.” 

Such is the amount of evidence which observation has supplied 
respecting the existence of a solid nucleus. The most that ean 
be said of it is, that it presents a plausible argument, giving some 
probability, but no positive certainty, that comets have visited 
our system which have solid nuclei, but, meanwhile, this ean 
only be maintained with respect to a few: most of those which 
have been seen, and all to which very accurate observations have 
been directed, have afforded evidence of being mere masses of 
semi-transparent matter. 

82. Although by far the great majority of comets are not 
attended by tails, yet that appendage, in the popular mind, is 
more inseparable from the idea of a comet than any other attribute 
of these bodies. This proceeds from its singular and striking 
appearance, and from the fact that most comets visible to the 
naked eye have had tails. In the year 1831, on the occasion of 
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‘fe eivred generally 
rs the tail extends itself from that part of the 


) comet which is most remote from the sun ; but its direction rarely 


eorresponds with the direction which the shadow of the comet 
would take, Sometimes it has happened that the tail forms with 


 @ line drawn to the sun a considerable angle, and cases have 


‘ocourred when it was actually at right angles to it. 


‘Another character which has been observed to attach to the 
tails of comets, which, however, is not invariable, is, that they 
incline constantly toward the region last ete by o* comet, e 

in its progress through sj it were subject to the action o 
to cular caubion; 80 that | the setae. matter with which 
it is invested, suffering more resistance than the solid nucleus, 
remains behind it and forms the tail. 

The tail sometimes appears to have a curved form. That of 
the comet of 1744 formed almost a quadrant. It is supposed that 
the convexity of the curve, if it exists, is turned in the direction 
from.which the comet moves. It is proper to state, however, that 
these circumstances regarding the tail have not been clearly and 
satisfactorily ascertained. 

The tails of comets are not of uniform breadth or diameter ; 
they appear to diverge from the comet, enlarging in breadth and 

inishing in brightness as their distance from the comet 
increases. The middle of the tail usually presents a dark stripe, 
which divides it longitudinally into two distinct parts. It was 
long supposed that this dark stripe was the shadow of the body 
of the comet, and this explanation might be accepted if the tail 
was always turned from the sun; but we find the dark stripe 
equally exists when the tail, being turned sideways, is exposed to 
the effect of the sun’s light. 

This appearance is usually explained by the supposition that 
‘the tail is a hollow, conical shell of vapour, the external surface 
of which possesses a certain thickness. When we view it, we 
look through a considerable thickness of vapour at the edges, and 
through a comparatively small quantity at the middle. Thus 
upon the supposition of a hollow cone, the greatest brightness 
would appear at the sides, and the existence of a dark space in 
the middle would be perfectly accounted for. 

The tails of comets are not always single ; some have a 


at different times with several separate tails. The comet of 


1144, which.” on the 7th or 8th of March, had six tails 
cach aout 4 ea, and from 30° to 44° in length. Their 








sides were well defined and tolera bright, and th 
between theen ware-as dark aa tbe ether peaeenanae , 
_ The tails of comets have frequently appeared, not 

immense real length, but extending over considerable s 
the heavens, It will be easily understood that the apparent 
length depends conjointly upon the real length of the tail, and. 
the position in which it is presented to the eye. If the line of 






vision be at right angles to if, its length will appear as py i 


it can do at its existing distance; if it be oblique to the eye, it 

will be foreshortened, more or less, according to the angle of 

obliquity. The real length of the tail is easily caleulated when 

the apparent length is observed and the angle of obliquity 
own, 

Tn respect of magnitude, the tails are unquestionably the most 
stupendous objects which the discoveries of the astronomer haye 
ever presented to human contemplation. 

The following are the results of the observation and measure- 
ment of a few of the more remarkable, 





Table. No, tnoiaioed by ol hears 
miles. 

Vill 148 1847 5000000 
— i 1744 19000000 
VI 4 1769 40000000 

Vill 46 1618 50000000 
VI I | 1680 100000000 
_— 8 i811 100000000 
_ 9 1811 130000000 
— | baka 1843 200000000 


The magnitude of these prodigious appendages is evem less 
amazing than the brief period in which they sometime emanate 
from the head. The tail of the comet of 1843, long enough to 
stretch from the sun to the planetoids, was formed in less than 
twenty days. 

83. The masses of comets, like those of the planets, would be 
ascertained if the reciprocal effects of their gravitation and those 
of any known bodies in the system could be observed. But 
although the disturbing action of the planets on these bodies is 
conspicuous, and its effects have been calculated and observed, 
not the slightest effect of the same kind has ever been ascertained 
to be produced by them, even upon the smallest bodies in the 
system, and those to which comets have approached most nearly. 

In fine, notwithstanding the enormous number of comets, 








y COMETS. 


t observed and unobserved, which constantly traverse the solar ey ee ce < 
system in all conceivable directions ; notwithstanding the per- : Fig. 29.—February 23, 1836, 
manent revolution of the periodic comets, whose presence and 
orbits have been ascertained ; notwithstanding the frequent visits 
of comets, which so thoroughly penetrate the system as almost to 
touch the surface of the sun at their perihelion, the motions of 
the various bodies of the system, great and small, planets major 
and minor, planetoids and satellites, go on precisely as if no 
such bodies as the comets approached their neighbourhood. 
Not the smallest effects of the attraction of such visitors are 
discoverable. 

Now since, on the other hand, the disturbing effects of the 
planets upon the comets are striking t, and sinoe the 
bits, of which 


comets move in elliptic, paraboli 
ut these bodies 


the sun is the common focus, it 1s 
are composed of ponderable m 

consequences of the law of gravi 
doubted that the comets do produce a di 


ect to all the 





. therefore, be 





ng action on the 








planets, although its effects are inappre iable even by t most 
exact observation. Since, then, t listurbances mutually pro vitor a 
duced are in the proportion of the disturbing masses, 1 follows . pian ke 
that the masses of the comets must be smaller | i ileula- 
: tion than the masses even of t t gt planets 
primary or secondary. ‘ ma 
The volumes of comets in general exceed those of the planets COMETS, 





in a proportion nearly as great as it by which the masses of the 
‘ onseq uence obviously CH APTER LV 





planets exceed those of the comets. 

















resulting from this, is that the density of comets is incaleulably 
small. ‘ 34, ] t metsa,——85. Enlargement of magnitude « leparting from 
Their densities in general are probably thousands of times less patel 86. Professor Struve’s drawings of Encké’ 
than that of the atmosphere in the ra next the surface of yj eae MDa Sen pape * ore 
the Earth. ee ruve § d i) a met ap} acl e sun in 1836, : 
n uppearance on the 29th of Sept 90, Appearance on Oct. 3. 
)1, Appearance on Oct. 6.—92, Appearance on Oct, 9.—93, Aj 
pearance Oct rance on Oct. 12.—95, Appearance 
on Oct. 14 96, Appear 1 Oct. 29.—97. Appearance on Nov, 5. 
98. Sir J. Herschel .ctions from these phenomena,—99. Ap- 
pearance f the comet after perihelion 100, Observatior and 
drawings of MM. Maclear and Smith.—101, Appearance on Jan, 24. 
102. Appearance on Jan, 25,—108. Appearance on Jan. 26.—104,. 





Appearanee on Jan, 27,—105. Appearance on Jan. 28,—106. Ap- 
pearance on Jan. 30.—107. Appearance on Feb. 1 108, Appearance 
on Feb. 7.—109. Appearance on Feb. 10.—110. Appearance on 
Feb. 16 and ~111, Number of comets.—112. Durat ( 
appearance of comets.—113. Near approach of comets to the eart 








$4, Tar planets are not self-luminous, but receive their light 
from the sun, is prov ed by their phases, and by the shadows of 
Lanpyer’s Mussvm oF Scrence. 0 193 
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no bodies to intercept ‘ 
shown that a comet is a solid mass, impenetrable to the solar 
rays, the non-existence of phases is not a proof that the body does 
not receive its light from the sun. 
- A mere mass of cloud or vapour, though not self-luminous, but 
rendered visible by borrowed light, would still exhibit no effect 
of this kind: its imperfect opacity would allow the solar light 
to affect its constituent parts throughout its entire depth—so 
that, like a thin fleecy cloud, it would appear not superficially 
illuminated, but receiving and reflecting light through all its 
1 . With respect to comets, therefore, the doubt which 
has existed is, whether the light which proceeds from them, and 
they become visible, isa light of their own, or is the 
of the sun shining upon them, and reflected to our eyes 
ce light from a cloud. Among several tests which have been 
proposed to decide this question, one suggested by Arago merits 
attention. 

It has been already shown in our Tract on ‘the Eye” (43), 
that the apparent brightness of a visible object is the same at all 
distances, supposing its real brightness to remain unchanged. 
Now if comets shone with their proper light, and not by light 
received from the sun, their apparent brightness would not 
deerease as they would recede from the sun, and they would cease 
to be visible, not because of the faintness of their light, but 
because of the smallness of their apparent magnitude. Now the 
eontrary is found to be the case. As the comet retires from the 

_ sun its apparent brightness rapidly decreases, and it ceases to be 
visible from the mere faintness of its light, while it still subtends 
a considerable visual angle. 

85. It will doubtless excite surprise, that the dimensions of a 
eomet should be enlarged as it recedes from the source of heat. 
It has been often observed in astronomical inquiries, that the 
effects, which at first view seem most improbable, are neyer- 
theless those which frequently prove to be true; and so it is in 
this case. It was long believed that comets enlarged as they 

approached the sun; and this supposed effect was naturally and 
probably ascribed to the heat of the sun expanding their dimen- 
‘sions. But more recent and exact observations haye shown the 
very reverse to be the fact. Comets increase their apparent 
yolume as they recede from the sun; and this is a law to which 
there appears to be no well-ascertained exception. This singular 
and unexpected phenomenon has been attempted to be accounted 





LIGHT OF comnts. 


for in several ways. Valz ascribed it to the pressure of i: 
atmosphere acting upon the comet ; that peter we 
_~ near eke compresses the comet and “its 

imensions ; and, at a greater distance, being relieved from this 
coercion, the body swells to its natural ele A very — 
train of reasoning was produced in support of this theory, The 
density of the solar atmosphere and the elasticity of the comet, 

being assumed to be such as they might naturally be supposed, 
the variations of the comet’s bulk are deduced by strict reason- 
ing, and show a surprising coincidence with the observed 
change in the dimensions. But this hypothesis is tainted by a 
fatal error. It proceeds upon the supposition that the comet, 
on the one hand, is formed of an elastic gas or vapour; and, on 
the other, that it is impervious to the solar atmosphere through 
which it moves. To establish the theory, it would be neces- 
sary to suppose that the elastic fluid composing the comet should 
be surrounded by a nappe or envelope as elastic as the fluid 
composing the comet, and yet wholly impenetrable by the solar 
atmosphere. 

Several ingenious hypotheses * have been proposed and suc- 
cessively rejected for explaining this phenomenon, but it seems 
now agreed to ascribe it to the action of the varying temperature 
to which the vapour which composes the nebulous enyelope is 
exposed. As the comet approaches the sun, this vapour is con- 
verted by intense heat into a pure, transparent, and therefore 
invisible elastic fluid. As it recedes from the sun, the tem- 
perature decreasing, it is partially and gradually condensed, and 
assumes the form of a semitransparent visible cloud, as steam 
does escaping from the valve of a steam boiler. It becomes more 
and more voluminous as the distance from the source of heat, and 
therefore the extent of condensation, is augmented. 

86. Professor Struve made a series of observations on the comet 
of Encké, at the period of its reappearance in 1828, and by the 
aid of the great Dorpat telescope, made the drawings figs, 7 
and 8. 

Fig. 7 represents the comet as it appeared on the 7th Novem- 
ber, the diameter a 6 measuring 18’, The brightest part of 
the comet extended from * to /, and was consequently eceen- 
tric to it, the distance of the centre of brightness from the 
centre of magnitude being kK. Between the 7th and the, 30th 
November, the magnitude of the comet decreased from that 
represented in fig. 7, to that represented in fig. 85 but the 


* For several of these, see Sir J. Herschel’s memoir, & Proceedings of 


Astronomical Society,” vol. vi. p. 104. 
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apparent brightness was so much increased, that at the latter date 
it was visible to the naked eye as a star of the 6th magnitude. +—Encké's Vomot -* Kaine hing the Sun ; as it appeared Tth Nov., 1998 
) (Telescopi¢ drawing by Strave,) on 


The apparent diameter was then reduced to 9’, 

On November 7th a star of the 11th magnitude was seen 
centre of brightness that it wa 
The brightness of the 


dimmed by 


through the comet, so near the 
for a moment mistaken for a nucleus. 
star was not in the least perceptible degree 
of cometary matter through which its light passed. 

Tt was evident that the increase of th 
on the 30th November, must be aseribed 
consequent condensation, nN 
in receding from the sun, 
7th November, when it su 
earth’s mean distance from 
on the 30th, when it subtended single of 9’, 1 
Its cubical dimensions must, t 
and the density of the matt 
than eight-fold proporti 

87. The expectation f rally tertail that , 








occasion of its return to per 1835, t t Ww 
afford observers occasior 
foundation, of some sat 
constitution of the clas 
was not disappointed. It er reappeared than phenomer 
began to be manifested, precedur panyi e gradual 
formation of the tail, tl ) rvat of w ich ha een m 
justly regarded as torn "4 lemorabdle | h in astronomical 
history. 

Happily, these strangé nd important appearances wer 
observed with the greatest zeal, and delineated with the most 
elaborate and scrupulous fidelity by several eminent astronomer 
in both hemispheres. MM. Bessel at Konigsburg, Schwabe at 
Dessau, and Struve at Pultowa, and Sir J. Herschel and Mr 
Maclear at the Cape of Good Hope, have severally published their 
observations, accompanied by numerous drawing 


exhibiting 
the successive transformations presented under the physioal 
oe = S temperature, in its approach to and de parture 
The comet first became visible as a small round nebula, without 
a tail, and having a bright point more intensely luerihne than 
the rest eccentrically placed within it. On the 2nd October, the 
tail began to be formed, and, increasing rapidly, acquired a lak th 
of about 5°on the Sth ; on the 20th it attained its greatest length 
which was 20°. It began after that day to decrease end: ite 
diminution was so rapid, that on the 29th it was redaded to 3°, Fig. 8.—The same aa it appeared S0th November, 1828. 
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COMETS. 


and on the 5th of November, to 24°. The comet was observed on 
the day of its perihelion by M. Struve, at the Observatory of 
Pultowa, when no tail whatever was apparent. 

The circumstances which accompanied the increase of the tail 
from 2nd October, until its disappearance, were extremely remark- 
able, and were observed with scrupulous precision, simultaneously 
by Bessel at Konigsburg, by Struve at Pultowa, and by Schwab 
at Dessau, all of whom made drawir , l 
ing the successive changes which it und 

On the 2nd, the commencement 
place, by the appearance of a violent ejection of nebulous mat 
from that part of the comet whi I 
This ejection was, however, neither uniform nor continuous. 












Like the fiery matter issuing from the crater of a volcano, it wa 
thrown out at intervals. After the ejection, which was cot 
spicuous, according to Bessel, on t 2nd, eased, and no efflu 
was observed for several days. <A it t Sth, however, it re- 
commenced more violently than | I med a new form 
At this time Schwabe noticed a | ‘ he denominate 
a “second tail,” pre n 1 to that of t 
original tail, and, therefore, t [ ‘ 
seems, however, to be regarded by | 1 merely as the ret wed 
ejection of nebulous matter which w fterwards turned back 
from the sun, as smoke would t y a current of air blowing from 
the sun in the direction of the or yinal t 

hk’ ‘ neh ¢ + 





tior Ir arious and 
irregular changes, the | 
alternately increasing and de- 


creasing. 
At one time two, at another 


three, nebulous emanations 





were observed to issue in 
divergent directions. Thess 
directions were continually 
varying, as well as their com- 
parative brightness, Some- 
times they would assume a 
swallow-tailed form, resem- 
bling the flame issuing from 
a fan gas-burner, The prin- 
cipal jet or tail was also observed to oscillate on the one side 
and the other of a line drawn from the sun through the centre 
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APPEARANCE OF HALLEY’S COMET, 


of the head of the comet, exactly as a compass needle oscillates 


between the one and the other 
side of the magnetic meridian. 
This oscillation was so rapid, 
that the direction of the jets 
was visibly changed from hour 
tohour. The brightness of the 
matter composing them, being 


the point a 


most intense at 
which it seemed to be ejected 


from the nucleus, f 


| 


ided away 


it expanded into the coma, 
eurving backwards, in the di- 
rection of the principal tail, 


like steam or smoke before the 
wind. 

88. These curious pheno- 
mena will, however, be mort 
clearly conceived by the aid 
of the admirable drawings of 
M. Struve 
produced with all practicable 
fidelity, in figs. 9, 10, 11, 12, 
13, 14, 15, 16, 17, and 18. 


These drawings were executed 


which we have re- 


’ 


by M. Kruger, an eminent 
iurtist, from the immediate ob- 


servation of the appearances 
of the comet with the great 
Fraunhoffer telescope, at the 
Pultowa Observatory. The 


sketches of the artist were cor- 
rected by the astronomer, and 
only adopt d definitively after 
repeated comparisons with the 
object. The original drawings 
are preserved in thé library of 
the observatory. 

89. Fig. 9 (page 198) repre- 





g. 
sents the appearance of the 
comet on the 29th September. 
The tail was difficult to be re- 
cognis d, appearing to be com- 
posed of very feeble nebulous 
matter. The nucleus passed 





Fig. 10.—Oct. 2, 1995. 





Be 








COMETS. 


almost centrically over a star of the tenth magnitude, without in 
the slightest degree affecting its apparent brightness. The star was 
distinetly seen through the densest part of the comet. Another 
transit of a star took place with a like result. 

Annexed is the seale according to which this drawing has been 
made, 





ind form, but als 


90. The comet changed not only its magnitud 














its position, after September 29, On that day direction of the 
tail was that of the parallel of 
Fig. 11.—Oct. 8, 1835 leclinat 
On Oct 
, +} 
n tl 
stead of 
rved 
g 9 I meter ot 
] 
4 1 ratio ol 
Or ith 1, and 7tl 
y \ ¢t r il 
ing icleus um 
re const ous. Onthe 6th 
fan-forr flame issued from 
* it, which di ip] ared on th 
ith, and re-appeared on the 8th with increased splendour 
4 1 , , oh mM ised splendour, 
represented in fig. 11, which is drawn on the subjoined scak 
lo” 0” 20” 40" 
The nucleus appex ike min al 
S appeared like a burning coal of oblong form, and 


yellowish colour, The extent of the flame-like emanatio F 
about 30". The feeble nebula surrounding the wuolitiasi ded 
much beyond the limits of the drawing, but, being aa a # 
by the moonlight, could not be. measured. ; re one 
92, The comet as it appeared on the following night is show 
in fig. 12, which is on the same scale as fig. 11, Sie peslahe on 
— emanation entirely changed their form and magnitude 


VARIATIONS OF APPEARANCE. 


since the preceding wight. The tail (not included in the drawing) 


measured very nearly 2°, 
The flame consisted of two 


Fig. 12.—Oct. 9, 1885. 


parts, one resembling that 
seen on the 8th, and the 
other issuing like the jet 
from a blow-pipe in a di- 
rection at right angles 
it. The figure represents 
the nucleus and flame as 
they appeared at 21 side- 
real time, with a magnify- 
ing power of 254. 

93. The appearance of 
the following ni 
on the same scale in fig. 
13. The tail, which still 


) 


measured nearly 2°, was 
now much brighter, being 
visible to the naked eye, 
notwithstanding strong 
moonlight. The coma was 





ght isshown 
) 
l 


evidently broader than the 
tail. The flaming nucleus 
is represented in the draw- 
ing as it appeared under a 
magnifying power of 86, 


witha field of 18’ diameter, 





the entire of which was 

filled with this coma, The 

diameter of the latter must, therefore, have been more than 18’. 
The drawing was taken at 21°, s, f. Fig. 18,—Oct, 10, 1885 


94. The comet 1s repre- 
sented in fig. 14 (page 202), 
it ap- 





on the same scale, as 
peared on the night of the 
12th. It appeared at 0° 25 
s. t. for a short interval in 
uncommon splendour, the 
nucleus and flame, however, 
alone being visible, as repre- 
sented in the drawing. The 
greatest extent of the flame 
measured 64’°7. Its appear- 
ance was most beautiful, 











COMETS, 


resembling a jet streaming out from the nucleus, like flame from 
a blow-pipe, or the flame from the discharge of a mortar, attended 


Fig. 14.—Oct. 12, 1835, Fig. 1 Oot. 14, 18 





with the white smoke driver 
fore the wind. 

95, Its appearance on 
is shown, on t 








fig. 15. The prin 
now greatly enla 





















od ending ot f 134 
Its deflection and curved f ret 

96. A cloudy sky prevented tion { 12 day O 
the 27th, the comet uppeared to the 1 1 ey bright t 
of the third magnitude, the t g distinctly vi rh 
coma surrounding the nucleu DI for I l 
The tail was curved and of great lengt but, owing to tl v 
altitude at which the observation w t n, it uld no 
measured. On the 29th, however, tl ’ presented under 
much more favourable conditior , and t | ton , fig. 16 and 
fig. 17 were made. The f{ rmer repr ts the entire comet 
including the whole visible extent of the t il, and is drawn to tl 


annexed scale of minutes. 


The latter represents the head of th 


: comet only, and ig ayaten i 
the annexed scale of seconds, 





VARIATIONS OF APPEARANCE. 

At 20" 30” s. t., the head presented the appearance represented 
in tig. 17 (page 204). The chief coma was almost exactly eir- 
cular, and had a diameter of , 5 
165", With a power of 198, Fig. 16.—Oet. 29, 1835 
the nucleus appeared as in 
the figure, the diameter being 
about 1° 25 to 1°50, The 
flame issuing from the nu- 


cleus, curved back like smoke 





before the wind, was very 
conspicuous. The appearance 
of the formation of the tail as 
it issues from the nucleus was 
remarkabl developed. 

97. On the 5th of Novem- 
ber the « appeart 1 as 


shown in fig. 18 (page 204). 





drawing represents the 
nucleus and flame issuing 
from iton the scale of seconds 
given below. 


The proper nucleus W 





found to measure about 2 








Two flames were seen issuing 
from it in nearly opposit 
directions, and both curved 
towards the same side. The 
bright lame, directed to- 
wards the north, was marked 
by trongly defined le 
The other, toward 
the south, feeble and letined 
) 0 100 19% 


98. Sir J. Herschel, who also observed this comet himself at 


the Cape of Good Hope, makes from all these observations the 
following inferences. : ‘s heat 
(1.) That the matter of the comet vaporised by the sun : ~ 
ved gh 7 ; : teas on by its 
escapes in jets, throwing the comet into irregular motion yi 
reaction, and thus changing its own direction of Rate,” part 
rr . . > Incipall from the pare 
(2.) That this ejection takes place primeipaly ne 
sented to the sun . 
presen . : > from some 
‘ : ; eg o resistance from some 
(3.) That thus ejected it encounters a resistan¢ 203 
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VARIATIONS 





\ wn f y which it repulsed in the opposite dire ction, 
1 so forms the tail 
1.) That this acts 1 illy on the cometary matter, which ig 
ot all vapor 1 of hiel a considerable portion is 
tt { lar gravitation, being contrary 
to t t ts dir \ \ h great nits intensity, a 
I the er wit h the matter of the 
matter 1 t ince so great from 
ma oe g it xtent, esca 
{ t ivitatio t} I 3 composing 
t I I tive agen 
' tter must I 
t l} wou 
‘ f . > through it 
nor st vaporisal 
nd tal 
P t t nsions of 
{ 1 he ve in tact 
9 On { fr t 1 alter it eru . 
!. Herschel and Mr. Maclear. It first reappe 
; 44 Nas ; get] 
y +} rw he t per 
ad ¢ I me great 
| - | r sformatio 
l f tot chang 
r la etober . Anew and 
1 want ped f, quite unique in the 
of net W well-defined head, somewh 
rica laced, wa v ( 
met, with a head d ta i Ww 
lerably ex ten 
( e which I have above called th 
ndints Wie. & amal rw distinetly perceived wit 
which was never quite so well defined as to give t 
urance of the exister f a solid sphere, much less co uld any 
phase be discerned taal 
100. The phenomena and changes which the comet presentee 
t > a. 
] s hina 
from its reappearance n the 24th of January, until it sad 
‘Cape Observations,” p, 397 


OF APPEARANCE. 
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disappearance, have been described with great clearness by Mr. 
Maclear, and illustrated by a beautiful series of drawings by that 
astronomer and his assistant, Mr. Smith, in a memoir which 
appeared in the tenth volume of the Transactions of the Royal 
Astronomical Society, from which we reproduce the series of 
illustrations given in fig. 19 to fig. 29 

101. On the night of the 24th of January, 1836, the comet 

















appeared, as in fig. 19, visible to the naked eye as of the 
second magnitude. The head was ne urly circular, nted 
a pretty well-defined planetary Aise, encompassed } coma o1 
halo of delicate gossamer-like brightness. diameter of the 
head, without the halo or coma, measure d 1 with th 
latter 492”. 

102. On the night of the 25th t comet had the appearanc 
repre sented in fig. 20. The ciret lar form was br 1 ti 
magnitude of the head was increased rhre tars we! en 
through the coma and one through the head. 

103, On the 26th of January t! 1 f t head was 
further increased, but that of t ma was diminished (fig. 21 

104, On the 27th the met began to a I \ par lie form, 
as shown in fig, 22, and t é y magnituds ntir 

105. On the 28th t 1 oT ow ite invisible, but 
the nucleus appeared Lil 1 faint ill star., I magnitude of 
the comet continued t r [ server fanci 1 vw t 


faint outline of a tail 





106, On the 30th the form of the comet became decidedly 

parabolic (fig. 24). The breadth across the head was 702”, being 

greater than on the 24th in the ratio of 49 to 70, or 7 to 10, 
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which corre sponds to an increase of volume in the ratio of 1 to 


supposing the form to remain 


3 


inchanged 


but it was estimated 





ngth gave a superficial increase in the 
would correspond to a much greater 
1ugmentation of volume. 

107, On the 1st of February a further increase of magnitud 


< place, the figure remaining the same (fig. 25). 





108. On the 7th of February the comet was rendered faint by 
the effect of moonlight (fig. 26). 

109. On the 10th a further increase of yolume took place, a star 
being visible through the body (fig. 27) 
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shown in fig. 28, to the 23rd, when it assumed the appearance 
shown in fig. 29, the i went on increasing, while the 
illumination became more and more faint, and this continued 
until the comet’s final disappearance ; the outline, after a short 
time, became so faint as to be lost in the surrounding darkness, 
leaving a bland nebulous blotch with a bright centre enveloping 
the nucleus. 

111, According to Mr. Hind, the number of comets which have 
appeared since the birth of Christ in each successive century is as 
follows: first century, 22; second, 23; third, 44; fourth, 27; 
fifth, 16; sixth, 25; seventh, 22; eighth, 16; ninth, 42; tenth, 
26; eleventh, 36; twelfth, 26; thirteenth, 26; fourteenth, 29; 
fifteenth, 27; sixteenth, 31; seventeenth, 25; eighteenth, 64; 
nineteenth (first half), 80. Total, 607. 

112. Since comets are visible only near their perihelia, when 
their velocity is greatest, the duration of their visibility at any 
single perihelion passage is generally short. The longest appear- 
ance on record is that of the great comet of 1811 (No. 8, Table VI., 
 Hand-Book of Astronomy,” chap. xviii.), which continued to 
be visible for 510 days. The comet of 1825 (No. 2, Table VI. 
‘‘ Hand-Book of Astronomy,” chap. xviii.) was visible for twelve 
months, and others which appeared since have been seen for eight 
months, In general, however, these bodies do not continue to be 
seen for more than two or three months. 

113. Considering the vast number of comets which have passed 
through the system, such an incident as the collision of one of 
them with a planet might seem no very improbable contingency. 
Lexell’s comet was supposed to have passed among the satellites 
of Jupiter; and, if that was the case, it is certain that the motions 
of these bodies were not in the least affected by it, The nearest 
approach to the earth ever made by a comet was that of the comet 
of 1684 (No. 55, Table VIII., ‘‘ Hand-Book of Astronomy,” chap. 
xviii.), which eame within 216 semidiameters of the earth, a 
distance not so much as four times that of the moon. We are 
not aware of any nearer approach than this being certainly 
ascertained. 


208 








EDITED BY 


DIONYSIUS LARDNER, DCL, 


Formerly Professor of Natural Philosophy and Astronomy in University College, London, 


ILLUSTRATED BY ENGRAVINGS ON WOOD. 


VOL. XII. 


LONDON: 
WALTON AND MABERLY, 
UPPER GOWER STREET, AND IVY LANE, PATERNOSTER ROW. 
1856, 


CONTENTS. 


ian 
THE PRE-ADAMITE EARTH. 


Cuar. I.—186. Interest of the subject.—187. 
188. Original division of the land and water.—189, Uniterst 
temperature at all latitudes,—190. This temperature at first 
too elevated for organic life.—191. Its gradual reduction,— 
102. Series of convulsions. —193, Depositions of organic remains, 
—194. First organic creation after the fourth convulsion. — 
195. The latest catastrophe of this kind.—196. Method of 
determining the age of mountains,—197. Ranges of similar 
LONDON: ; date parallel.—198, Their nomenclature.—199,. Method of 
BRADBURY AND EVANS, PRINTERS, WHITEFRIARS, ascertaining the outlines of land and water at each “— 
epoch. 200, M. Elie de Beaumont’s ‘seventeen 
systems.—201. Their directions and cacuianihion oan ; 
Manner in which they are grouped.—203. Plan of these 
systems in Europe.—204, Their geological dates.—205, System 
of Vendée. —206, System of Finistére.—207. System of Long- 
mynd.—208. System of Morbihan,—209. System of Hundsruck. 
210. System of the Ballons,—211. System of the North of — 
England.—212. System of Hainault,—213. ote te 
—214, System of Thuringerwald. . . ‘ * 


Cnapr. Il.-—-215. Elie de Beaumont’s mountain systems continued: 
System of Cote d’Or.—216. System of Monte Viso.—217. System 
of the Pyrences.—218. System of Corsica,—219. System of the 
Western Alps.—220, System of the Principal Alps.—221.— 
System of Tsenarus,—222. Principal effects of this convulsion. 
—228, Extension of De Beaumont’s system by analogy to the 
remainder of the globe ; general plan of mountain systems.— 
224. Geological horizon ‘explained ; mineralogical reg 
sufficient to identify it,—225. Indications supplied by fossili- 
ferous deposits. —226, Twenty-nine fossiliferous strata.—227. — 

Pigrernag on PP cer i determining — 


ee | 








243. Subordin 44. Table of the classes of 
animals, Zoological characters of the principal divisions, . 
Cuap. Il].—246, Derivations of the names.—247. Examples of the 
classes, —248, Number of fossil species. —249, Their distribution 

29 stages,—250. These stages correspond to 29 periods.—251. 

} eae manifestations of creative power.—252. First crea- 
tion of organised beings.-253. General view of the series of 
catastrophes. —254. The Palwozoic age: Murchison's section 

of the corresp: nding stages.—255. How these are manifested in 
parts of the world.—256. Stratigraphical evidence of 
iain of the stages.—257. Five stages of the Palwozoic 


































, —258. Vegetable kingdom of the Palwozoic age.— 
. Finst Parsozorw Periop: 260. Extent and limits of the 
—261, Character of the fauna.—262. Of the flora.— 
Tropical climate universal.—264. No terrestrial animals. 
—265,. Inhabitants of the seas.—266. Synopsis of the animal 
kingdom.—267. Examples.—268. Duration of this period. — 
269, Sxcoxp Pausxozotc Pentop : 270, Synopsis of the animal 
kingdom.—271. Genera created and revived.—272. General 
character of the animal and vegetable kingdoms.— 273. Outlines 
of land and water.—274, Elie de Beaumont’s Silurian map of 
Western Europe. — Tuixp Patsozoic Paxton: 275. Mineral 
Character of the strata.—276. Table of the Fauna.—277. Mol- 
Iusea and Radiata,—278, Outlines of land and water. — 279. 
Extent of the seas.—Fourru Panmozorc Periop: 280, Table 
of the fauna.— 281. Fossil crustacea, — 282, Mollusca and 
Radiata. ; 


. . . . . . . . . 


Cuap, IV.—283, Outlines of land and water.—284, The vegetable 
+ Kingdom,—285. Coal deposits. —286, Convulsions which termi- 
nated the period.—Firrn Pauxozorc Perron: 287, Composition 

} a of the strata—288. Destruction of the fauna and flora of preced- 
ae ing period.—289, The new animal kingdom.—290. Outlines of 

jn and water.— 291. Changes of the continents. — 292, 
of the fauna.—293. Absence of land animals— 

uniformity of climate.—294. Geological convulsions, —Rerrosprer 
AND RECAPITULATION OF THE PALROZOIO AGE : 295. Commence- 


ment of animalisation.—296. Prevailing forms.—297. Trilobites, 
—298, risties of the carboniferous stage.—299, Car- 


honised vegetables. —300. Fossil vegetable species,—-301, ‘Thei 
ling characters.—302. Contrasted with the present ; 
table kingdom in Ep game decalitienz008. Radiata of 
carboniferous iod.—204, Crustacea and insects. —305, i 
306. Fishes of the carboniferous pe ng 


ee wcheeteten-—Sap at Pn | Triassic age. — 
Kh “Vegetation. Frest_ Trrassio Damen: Sih en 


discovered by M, Agassiz. Triagsic ; 
formation lies. — Teles aes 





33 








this 
316, Outlines of 


ore 


Cuar. V,—818. Convulsion which closed the age. Jurassic Age. 


—819. Division of Jurassic formations imto ten stages by 
M. D’Orbigny.—320, Nomenclature and thickoess of the stages, 
—821. Section of the strata from the Vosges towards Paris,— 
322. State of the earth in the Jurassic age.— $23. Juransic age 
zoclogically distinguished from the Triassic. —324. Disteibation 
of the species into ten stages. —825. General inference respecting 
the distribution of specific forms. —326. Geography of Earope in 
Jurassic age—D'Orbigny’s map.—327. The Anglo-Parisian basin, 
—328. The Pyrenean basin.—329. The Mediterranean basin. — 
330. Variation of the shores of these seas from period to peried. 
331. Discordances and isolation of the strata.—382. Corre 
sponding observations on the organic deposits—333. Variations of 
the outlines of land during this age.—334. Change of condition 
of land between Toulon and Innspruck.—835, Accurate Enow- 
ledge of the Jurassic geography.—336. Elie de Beaumont’s 
Jurassic map.—337, Ichthyosaurns, Plesicsaurus, and Piers 
dactyle.— 838. Other animals of the Jurassic age.—339. Coral 
reefs, —340, Insects,—341. The wv kingdom. Prasr 
Junasstc Pentop : $42. Convulsion that closed the Triassic age. 
——343, First Jurassic stage determined by discordamees amd 
isolation of stratification, —344. Extent of the seas in Western 
Europe—remarkable discordances of stratification on the Alps — 
345. Synopsis of the animal kingdom,.—846. Reptiles, fishes 
and insects.—-347. Convulsion which closed the period. Sreoxp 
Jurassic Penton : 348. Mineral character of this stage.—349. 
Synopsis of animal kingdom.—350. Marine fawna.—35l. Ne 
traces of terrestrial fauna.—352. Vegetation of the period . e 


Cuar. VI.—Tatrp Jurassic Penrop ; 853, Mineral character of this 
stage.—354. Synopsis of the animal kingdom,—355. Outlines of 
land and water.—856. Land animals and vegetation. Fourtn 
Jurassic Periop ; 357, Mineral character of the stage.—358. 
Synopsis of the animal kingdom,—359, Land fauna, Frere 
Jurassic Pertop: 360, Mineral er of Sg pee 
Synopsis of the animal kingdom.— 362, Examples e fauna. 
368. Traces of land fauna—Phaseolotherium and Thylaco- 
therium,-——364, Examples of the flora.—365. Convulsion which 
closed the period. Srxru Jurassro Prrtop ; 366. Mineral cha- 
racter of the stage. —367. Synopsis of the animal kingdom— 
Seeen of the Ichthyosauri,—368, Remarkable changes 
in the outlines of land and water.—369, Extent of the Med 

basin—submersion of the great Russian contin 
ich ou ener mk Mineral character, ; 
stage. —371, is of the ani kingdom.—872. Creation” 
of several pl a mental — Specific furms of Mollusca 









Generic synopsis, Z , 5 ‘ . . ee 





6s 








fauna.—884. Land flora and fauna.—S85. Close of the period. 
Nintn Jurassic Peniop ; 386, Mineral character of the stage. 
—887. Synopsis of the animal kingdom.—3S8. General character 
. of the fauna.—389. Marine genera. —390. Land animals, 
Text Junassic Pertop; 391. Mineral character of the stage. 
—392. Synopsis of the animal kinglom.—393. Outlines of land 

and water—marinve fauna.—394. Close of the period. The 
Age.—395. Mineral character of the Cretaceous 

formation. —396. Section of the strata between the Vosges and 
Paris.—397. Resolution of the formation into seven stages.— 

$98. Nomeuelature and thickness of the stages. —399. Dis- 
cordance and isolation of the stages . ‘ ‘ ‘ . 


Cap. VIT.—400. Zoological character of the Cretaceous age.—401. 
Distribution of the species among the stages. —402. General con- 
clusions. —403, Changes of the outlines of land and water. —404. 
Elie de Beaumont’s map of Western and Central Europe—great 
geographical changes. —405. The Pyrenean basin. —406. Outlines 
of sea and land in Central Europe.—407. Site of the Alps.— 
408. Cretaceous geography of France and England—D'Orbigny’s 
map.—409. Anglo-Parisian basin.—410. The changes incidental 
to it from period to period.—411. Outlines of the basin in 
England.—412. Pyrenean basin—Mediterranean basin.—413. 
Animal kingdom—uniform tropical climate at all latitudes. — 
414. Prevalence of undulations of the surface—seven violent 
perturbations. Frast Cretacrovs Perron; 415. Dimensions 
and mineral composition of the stage— synopsis of animal 
kingdom, —416. Reptiles of this period—Iguanodon and Hylwo- 
saurus.—417, Flora of this period. Srconp Cnerackous 
Prrrop: 418. Mineral character of the stage.—419. Synopsis 
of animal kingdom.—420, Outlines of land and water.—421. 
Marine fauna. —422. Vegetable kingdom. — 423. Uniform 
tropical climate.—424. Close of the period.—Tuimp Creraceous 
Prntop : 425, Mineral character of the stage. —426. Synopsis of 
the animal kingdom.—427. Outlines of land and water.—428, 
Marine and terrestrial fauna.—429. Close of the period. — 
Fourtu Creracrovs Prrtop: 430. Mineral character of the 
stage —31. Synopsis of the animal kingdom.—432. Outlines of 

nd and water.—433. Marine fauna.—434. Marine flora,— 
435, Undulations of the ground.—436. Close of the period. 
‘Freta Creracrous Peniop ; 437. Mineral character of the 
—438. Synopsis of the animal kingdom.—439, Outlines 
be water.—440. Rich vegetation.—441. Great 
‘in Russia, South America, and India—termination of the 


bes tee us Pertop: 442, Mineral character 
= F Ssdhs Wyte Uf the acini Viegas 


ref 


8 
= 


. . 















Cuap, VIIT.—444. First appearance of fishes 
and perch—specifie forms of Mollasen and 
— pee sixth Cretaceous 
n the outlines of land and water.—447, 
fauna.—448. Flora sod land : 

loge of the period, Seve: Cemtactous Prmoy 
Mineral character of the jn 
kingdom. —452. Examples of the fanna. 
458. Origin of the name,—454. Classification of the 
stages—their nomencintare and thickness, —456, Complete series 
not found.—456. Section of the formation hetweem die Vosges 
and Paris—discordances and wkation. — 457 Pulmontnlogieat 
distinction between the Tertiary and inferior sematinas, 45%. 
The number of species in the Tertiary age. ~ 430. —Divervhenion: 
of the species among the stagen—440. General onetime — 
461. Outlines of land and water—D/Ortigny’s may of Fame 
and England. —462. Great ge graphical changes tom ert! cae 


period,—463. Character of the erionment « 

- Mammifers.—464. Uniform prevaleace af tropical i. 
465. Gradual and violent undelations of te fenil Ghee 
Tertiary Pxxtop : 


466. Mimeral ciucucter af die sth — 
467. Synopsis of the animal Kingdom —40$ Goes Gemetiqnment 
of fishes.—469. Vast increase of land womul, quchuting thee 
of which the rhinoceros, otter, dog, ferzt, 

types. —470. Creation of fiat-fish —471. 
mulites.—472. Whole mountains formed of Ghese uummais. —<7, 
Vast duration of the period — 474. Terrestrial 
Outlines of land and water— Anglo-Parisian 
its shores in France and England. —476, 
Mediterranean basin.—478. Its great 
479. Fresh-water lakes.—480. Close of the periad Smeomp 
Tertiary Prriop: 481. Elevation of the . sh 
of the tract of Bray in France, and of the Wealden im Engiand. — 
482. Synopsis of the animal kingdom.—483_ Specific forms of 
Mollusca and Radiata.—484. Creation of 3 
forms.—485, Prodigious numbers of Miliole, of which the stone 
quarries of Paris are formed.—486, Marine dora—land animals, 
including the generic forms of which apes, bats, gallinaceous, 
predaceous, and climbing birds, serpents, rattle-snakes, 

and opossums are types.—487. Crocodiles and land tortoises 
—belemnites and nautili—terrestrial flora —488. Outlines of 
land and water—division of Anglo-Parisian basin into two seas . 123 


Cuap, IX.— 489—490, Great change in the Pyrenean and Mediterra- 
* nean basins.—-491, Land and water in the United States.—492. 
Effect of the elevation of the Pyrenees. —493, General 


of tropical climate.—494. Great in he : 
hasin.—495, Sketch of part of Western Elie benseue 
the KA a 


mot. Turn Tertiary Perron; 496, 
the stage.—497, Convulsion which od. - 
Outlines of land and water.—499. Marine fauna and specific 
forms of Mollusca and Radiata. Fourra Trrrrary : 

co 500, Mineral character of the stage.—501. Synopsis of animal 



















—500. Creation of mankind.—561. 
logical zones,—-562, Unsuccessful pts t 
distribution of species in former 
e 7 downs—littoral deposits and the filling of 1 deling 
forms of the bear, the cat, the weasel, the supply chronological date of the a. Gon e 
‘the mouse, the beaver, the rhinoceros, the tapir, and the of the Mosaic history with geological 4 re re ‘The fabure a 
g.—507. Great increase of reptiles and fishes, including the earth.—556, Accordance of the narrative in Genesis 
frogs, salamanders, perch, herring, and carp. — 508, geological facts. —567. Figurative use of the ; iy 
a, including the generic forms of various conifers: birch, accordance with common e 


' ustom.—568, The division of the | 
fig, plantain, poplar, laurel, sloe-tree, Finn, the water.—509. ‘The creation of the pls. 
— Ie mal eek, agar 800. Uniform tropical climate. First creation of marine tribes and birds, —571, A similar order 


“me har i f observed in geological phenomena.—572. Creation of 
Fiera Tertiary ers phere rx pk Bd m3 873, Correspondence with the Tertiary pram fray se Creation 
7% oe a, ke rome - itictione Alpe—its ioe of the human race in the actual age.— 575. Accordance of 
514, Map of France by M. Elie de yy een = — Scripture with geological discovery.—576. Conclusion , » 145 
imals, i ing the eric forms of gudgeon, pike, loach, Boe 
biay, Agere dry Terrestrial fanna, including the mega- ECLIPSES. 
therium, megalonyx, mylodon, and mastodon, oat er generic Cuar. I.—1, Mutual interposition of celestial objects.—2. Their 
forms of the elephant, hippopotamus, camel, giraffe, and stag.— mutual obscuration.—3, Eclipses, transits, and occultations. —4, 
517. Birds of the generic forms of the vulture, eagle, swallow, Solar eclipse.—5, Lunar eclipse.—6, Transit of a planet.—7. 
woodpecker, chat, anabate, lark, mothhunter, cuckoo, parrot, Occultation of a fixed star.—8, Appearance produced by transit 
Pheasant, common fowl, guinea fowl, flamingo, horned owl, rail, of an inferior planct. Sonar Ecouresgs: 9, Effects of the 
corncrake, goose, loon, duck, gull, &c.—515. Fossil salamander relative magnitude of the discs of the sun and moon.—10, Con- 
of @ningen. —519. Flora, including generic forms of liquidamber, ditions which determine eclipses.—11. Conditions under which 
willow, myrtle, anemone, plum-tree, magnolia, holly, rhododen- an eclipse does not take place.—12, Condition of external con- 
dron, ‘and azalea, —520. Large numbers of Mammifers.—521, tact. —13. Condition of partial eclipse — determination of its 
—Bone caves—-cave of Gaylenreuth.—522. Retrospect. —523, inagnitude.—14. Internal contact,—15, Annular ecli —16. 
Was creation at each period simultaneous.—524. Proofs in the Total eclipse.—17. Greatest possible duration of a = 
affirmative.—525. Was there a progressively increasing perfection —18. Condition of annular eclipses.—19. Greatest ah 
of organisation. —526. Number of orders in the respective strata. duration of annular eclipses,—20. Solar eclipses can only occur 
—527. Of genera in the orders.—528. Increase and decrease of at or near a new moon.—2l. Effects of parallax.—22, Data 
genera in the orders.—529. Orders in which the decrease took which determine the circumstances of eclipses.—23. Solar ecliptie 
place. —530. Orders of fishes . ‘ * F “ a limits. —24, Anecdote of Columbus,—25, Baily's beads, —26. 


These appearances produced by lunar mountains. —27, Flame- 
Cuap. X.—531. Examination of orders.—53%. Relative numerical like protuberances round the dark dise of the moon.—28, Solar 


es ion di ble in these.—534, eclipse of 1861.—29, Observations of the Astronomer Royal 

inati gg adhe ‘tales nae upon it.—30. ( )bservations of Messrs, Dunkin and Hi S 
536. In the Radiata and Mollusca.—537. Annulata.—528, upon it.— 31. Observations of Mr. W. Gray upon it, — 32, 
Vertebrata. —539. No progress indicated. — 540, Organs of Observations of Messrs, Stephenson and Andrews at Fredrichs- 


ancient animals.—541. Examination in relation to respiratory 
organs.—542. Lowerdivisions.—543. Branchial respiration.—544, 
No essential change.—545. No progression observable.—546, 3 j 
Tracheal respiration. —547. Pulmonary respiration.—548. Com- Cuar. II.—85, Observations of Mr. Dawes near 


vaarn.—33. Observations of Mr. Lassell at Trollhittan Falls,— 
34. Observations of Mr, Hind at Ravelsborg, near Engelholm . 161 2 


‘ ‘ 36. Effects of total obscuration on surrounding and 
gel maa pl Se aise Gastes ona een ae ; , scenery.—37, Evidence of a solar atmosphere, —38, > ee 
: . i ‘Age:—Hoxax Pann, ¢ 552. Elevation causes of the red emanations in solar eclipses. Lunar Een! 


; ; 39. The earth’s conical shadow.—40. Its section may be regt 
f the great destruction 4 - fauna and flora of the ; as a dark dise moving on the firmament.—41. Cats 
} od.~—553. Great change d Plo in Eur ope.— 954. if determine lunar eclipses. —42, Lunar limits. 
i rivers ani producing alluvial Greatest duration of total lunar eclipses. - ‘. 
earth’s penumbra,—45, Hffects of refraction of | 
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Fig. le 1,—ILLUSTRATION OF THE ANIMAL AND VEGETABLE KINGDOMS * 
a r DURING THE JURASSIC AGE, ° | 
| | 
ie 
it THE PRE-ADAMITE E is 
: Eunmmnere Of the paragraphs and figures of the “ Puu-Anauire os oe 4 
bhi Eaaru,” are continuous with those of the ‘* Crest - THE —— in maisiiar | 
i P aché viect the **Pue-Apamite Eartn” is the con- 4 
HH volume XI., of which subject the ; . , VW 7 
ai tinuation and development. This stutement will opts et pont CHAPTER TI, | 
‘ zg =e J bering of the paragraphe ¢ qures. - ‘ re : 2 ‘ ia } 
8) otherwise seem incorrect in the numbering of the paragraphs and fig 186. Interest of the subject.—187, Recapitulation.—188, Original | 
Pat division of the land and water,—189, Uniform temperature at all i 
ai latitudes.—190, This temperature at first too elevated for organic | 
gs? life.—191. Its gradual reduction.—192. Series of convulsions. — (| 
an 193, Depositions of organic remains.—194, First organic creation 4 
fy) ERRATA. after the fourth convulsion.—195, The latest catastrophe of this 
; c Sepaiare = geal ot Same kind.—196, Method of determining the age of mountains, —197, 
Pre-Adamite Earth, page 85, paragraph 362, line 2, fur Tos eigen ane Ranges of similar date parallel.—198, Their nomenclature.—199. 
my 5 page 86, line 10, for ‘* Equitacem,” reac ‘quisetaces, . 


Method of ascertaining the outlines of land and water at each geological - 
epoch.—200, M. Elie de Beanmont’s seventeen mountain systems, — 
201. Their directions and denominations,—202, Manner in which 
they are grouped.—203, Plan of these systems in Rurope.—204, 
Their geological dates. —205. System of Vendée.—206, System of 
Finistére.—207, System of Longinynd,—208, System of Morbihan.— 
209. System of Hundsrack. —210, System of the Ballons.—211. 
System of the North of England.—212. System of Hainault,—213. 
System of the Rhine.—214, System of Thuringerwald. 


186. Tue history of our planet before it was clothed with that 
variety of vegetation which now adorns it, and became the 
Larpyer’s Musgum or Scrence. B 1 
No. 144. 
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. : m. and 
present to resume the subject with more syste’ 
purpose at 


assuming hem- 
detail, i readers have already rendered ther 
selves familiar nye enton phenomena, and principles which 


oo. ee ab curious narrative, however, it 
—— Saal te recapitulate the great facts which will be 
brought i il before the reader. . 
ent eieinally of matter in a state of igneous 
0 Oe : ut in a state of rotation, assumed, as a necessary 
seashseebenl i Pod uence of that motion, the form which it still 
retains, Tid dn geometry that of an oblate spheroid, flattened 
i he equator; the sections made 
oa on me me tt rotation being therefore 
ens age axes of which are diameters of the equator. 
mene wn i former Tracts that the eccentricity or degree 
of pe shape which characterises these — einige earl 
i » velocity of rotation, so much so that, by 
a en eslonlation, the form of the ellipse has be 7 Seiinast 
@ priori from that velocity, and the form thus calculated has bee 
fiend to correspond with the actual shape of the ort suit 
By the gradual process of cooling produced by ra i io a 
oo of the earth became solidified, a thin skin of soli a 
being first formed upon it, which, as the cooling continued, <— 
gradually thicker, the increase of thickness being produce y 
and more solidified matter collected on its inner surface. 
This thickness may be said therefore to have increased om 
the outside inwards, At first the temperature was peragreyd 
such that water could not exist upon it in the liqui “ x 
but according as the temperature of the surface became gr “a y 
lower, the aqueous vapour till then sustained in the atmosp) - 
was more or less condensed and precipitated, forming upon 1t an 
‘ocean of uniform depth extending over the entire surface, 
. 188. If no conyulsion had taken place the earth would have 
5 continued in this state. It would have been one universal ocean 
- undiversified land, and the human race could never have 
: eu i It follows, therefore, that before terrestrial tribes 
ait were created the globe must have been of necessity the theatre of 
_—-Meryus catastrophes, by which the land was raised above the 
waters, and by which a state of things was established, more or 
Joos analogous to that which 






geography now presents to us. It g 
as necessary, in a word, that the “dry land should appear.” 
=) haces d z 
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RECAPITULATION, 


Extensive observation on the condition of the crust 
proves that such forms were not assumed defin; 


manently at once, but that they underwent a long st 
changes, in the course of which the outlines of land and 
were frequently varied : what was land at one time became | 
bottom of the ocean at another, and what was the bottom 1 
ocean at one time, rising to the surface, assumed the forms 
continents and islands at another, re 
It would be easy to show, by an analysis of the effects produced 
by Such a succession of catastrophes, that they all tended to one 
definite end; namely, the final adaptation of the earth for the 
dwelling-place of the human race, and its contemporaneous tribes,  _ 
After the superficial temperature had fallen sufficiently low to 
allow of the deposition of water upon the surface, and the forma- 
tion of an universal ocean, a series of convulsions commenced, 
each of which was produced by the agency of the matter in | 
igneous fusion contained within the solid shell of the earth; ‘This 4] 
matter acting unequally against the inner surface of the shell 
cracked it from time to time, producing fissures, through which 4 
the igneous pasty matter issued, ‘cooling and solidifying when 
exposed to the external atmosphere. Each convulsion necessarily 
changed the relative levels of different parts of the solid 
and this was attended with a corresponding change in the dis 
tribution of the waters of the ocean. Upon the oceurrenceof 
each phenomenon, these waters would rush with farious im sity 
over such parts of the land as would fall to a lower level, : 
at other places the solid bottom of the ocean would rise above the _ 
surface of the waters, forming new continents and islands. Such 
catastrophes must not be regarded as either conjectural or 
imaginary. They have, on the contrary, lefton the earth visible = 
traces by which their occurrence has not only garter a 
strated, but even their dates have been geologically Pee. | 
so that we are enabled to state the order in which they oceurred. _ 
189. For a long period of time, during which these cata 
strophes were developed at intervals, the superficial ature 
depended infinitely more upon the internal heat ‘tra : 
to the surface through the crust, than upon the effe : 
solar radiation. It must be remembered, that, whee 
superficial temperature would depend upon the heat 
from the interior through the crust, the 
be everywhere the same. Thus it would the pol 
the equator equally, and would be equally diffused ov 
latitudes ; but, on the contrary, so far as the ter perature W 
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‘But, as has been just observed, during 
e ap ac bast: anak wo uk 
enormously 
wer that of solar radiation, the effects of the latter were wholly 
effaced, and, consequently, the superficial temperature was uniform 
i (ges a long period after the commencement of superficial 
solidification, this temperature was far above the limit compatible 
with the existence of any form of organic life, animal or 
vegetable ; and, consequently, during this interval the globe 
syas a mere waste, unanimated by life and unadorned by vegeta- 
tion. Meanwhile, nevertheless, a succession of changes took 
place, the effects of which have remained 80 visibly traced npon 
the earth to the present day, that geologists have been enabled 
to pronounce not only their existence but their order. Four 
times the solid crust was cracked, and the internal fluid matter 
issued through the fissures, forming four systems of mountain- 

which still exist to attest these remarkable facts in 

imitive history of our planet. , 
it length the temperature being cco 5 a Lin ber] 
i i nised life, creative power began to be manifested, 
Be ean teopled with animals and clothed with vegetation, 
but these animals and this vegetation differed altogether from 
those which now animate and corer the globe. They were, 
however, adapted by divine wisdom to the then condition of 
the earth, the temperature being not only greater than any 
which prevails at present, but, as has been stated, uniform at 
all latitudes. 
192. After this, a like succession of convulsions took place, long 
intervals of time intervening, by each of which the relative levels 
of the land were changed, and consequently the distribution of 
the waters of the ocean completely altered. Such changes implied 
universal inundations, which involved the destruction of all 
animated nature, animal as well as vegetable. In short, a suc- 
cession of deluges must have attended such convulsions, each 
deluge destroying all the tribes of animals and plants which 
existed on the globe at the time of the catastrophe. 
193. After each of these convulsions, the waters at first turbid, 
and holding in suspension great quantities of matter washed 
away and eroded from the former land, as well as enormous 
“ae quantities of the remains of the animals and plants previously 
existing, would, after a time, become tranquil, and then a 

process of vast i 





5 of ‘vast importance to the preservation of the history of 
z ye vila 


; ould take place. The organic remains of animals and 
plants suspended in the waters would be deposited at the bottom 
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‘ 





GRADUAL REDUCTION OF TEMPERATURE, 
of the ocean, and over them would prwerty ’ 







Sustained in a state of comminution in the waters, _ 
would thus be buried in strata sensibly horizontal, and 
covered up by the earthy and mineral matter which would s 
from the waters, they would be protected from the dest 
action of air and water thereafter, and would thus be preserved _ 
to future generations as records of the past history of the earth. — 

Tn the interval of tranquillity following each such deluge, 
creative power was again brought into operation, and the earth 
Was repeopled with animated creatures, and reclothed with vegeta- 
tion ; but in all cases the animals and plants composing the new 
kingdoms of nature, though agreeing with those recently d d 
in their classes and generic characters, differed from them 
gether in their species. In short, a new kingdom of nature was 
produced, but constructed upon the same general principles. 

194. By researches made in the crust of the earth, and careful 
analyses of the constitution of its strata and of the animal remains 
contained in them, geologists have ascertained, with a high degree 
of probability, if not with absolute moral certainty, that subse- 
quently to the first appearance of the forms of animal life, which, 
as has been stated, took place after the fourth great convulsion of 
the globe, there were at least twenty-eight successive convulsions 
of a like nature, each of which was attended with the 
destruction of the animals and plants which existed upon the 
globe, their remains being buried in the manner 
under the sedimentary deposits made by the new oceans which 
followed the crisis. : 

The actual occurrence of these several convulsions, and of the 
existence of the successive animal and vegetable kingdoms, 
differing one from another in the species of which they were 
constituted, has been proved by geologists by two species of 
evidence, one depending on the condition of the stratification, by 
which it has been shown that many of these catastrophes were 
attended with the elevation of systems of mountains which still 
exist upon the surface of the earth, while others, though h not 
indicated by mountain ranges, are rendered evident by u 
discordances and disturbances in the state of the strata. T 
catastrophes have also been indicated by the di of 
buried remains of each of the several animal and hie 

kingdoms here mentioned. POE 
195. In fine, after the latest of the catastrophes, a a 

strata of the tertiary formation were deposited, the most recent = 

exertion of creative eho a and the glob 2 ee : 
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with the tribes which now inhabit it, 
race. : 





nt bi fy to skets B Mstinsr, seit ind 

he manner in which the geological age of mountain- 
termined by the state of the strata observed upon their 
been already explained, but this is so important an 
our present inquiry, that it may be useful to 


oe it and present it to our readers under another 
aD we see anywhere the sedimentary strata composing the 
erust of the earth inclined, we can pronounce with certainty that 

have been disturbed from their original position which was 
‘ Sone and that, in short, an elevation has taken place by a 
force acting from beneath. So far as relates to the strata thus 
: the epoch of the catastrophes would be undetermined, but 
"if atthe foot of the mountains we find other strata abc, fig, 112, 
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Fig. 113. 





horizontal, it becomes evident that the elevation of the former 
must have taken place before the deposition of the lowest of the 
latter, since the latter are in the position in which they 
naturally subsided from the waters. 
» The geological date of the elevation in this case would be between 
the period of the strata, which are elevated and inclined, and the 
- lowest, a, of the horizontal strata. In the case of all mountain- 
, data of this kind, determining the geological epochs of the 
disruption which produced them, are supplied. In some places 
we see for example the stratum a, heaved upwards, and b 
horizontal, fig. 113. In such eases the date of the catastrophe is 
posterior to the deposition of a, and anterior to that of 4. 


sped Pig. 114. Fig. 11%. 
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ais % : 
_ other cases, both a and 4, fig. 114, are uplifted and inclined, 
een it is accordingly inferred, that the date 












f by i 
ec. ‘ ae A tee 2 
In like manner if it be found that while the strata 
ne a a inclined, d is horizontal, mae Bey 
at the date of the cai was” 
of the deposition of d and e, “ahaa a 
It will be evident that we have here assumed that thevatideas 
a,b, ¢, d, &e, are in the natural succession of strata, in the order — 
of geological time, found in any complete section of the earth's 
crust, in which nb strata are deficient. bri 
_ 197. It must also be observed that the direction of the inclina- 
tion of the strata thus uplifted, corresponds with and determines _ 
the direction of the ridge of mountains upon the flanks of which 
they lie, and it has resulted from the extensive and profound 
researches of M. Elie de Beaumont, that the chains of mountains 
in general whose directions are parallel haye the same geological 
date, as is proved by the strata inclined upon their sides and 
horizontal at their base. Mountain ranges, therefore, which 
until the discovery of this important law were regarded as 
geologically distinct and independent, are now brought into the 
same system. Each mountain system, therefore, must be 
regarded not as a single chain, but as a number of parallel chains 
which may be near or distant from each other within any as- 
signable limits. It may also be observed, that the parts even of 
the same chain are not always continuous, but may be broken by 
intervals along which, as it were, the crust sinks to the level of 
the surrounding plain. : 
198, The systems of mountains which have thus been grouped 
according to their geological dates have usually received denomi- 
nations from some remarkable locality in which their prevalenee 
is most conspicuous. Thus one is called the system of the 
Pyrenees, another the system of the principal Alps, another the 
system of the western Alps, and so on. va 
The different convulsions which have taken place upon the — 
surface of the globe, and which have produced the several 
mountain systems, seem to have been always sudden. In effect 
at some distance from the place where the discordance of the 
stratification manifests former convulsions, the same strata are 
found concordant and horizontal, from whence it follows, that in 
such cases the sedimentary deposition has not been — 
the disturbance of the crust has been local, and the inter 
during which it has prevailed has necessarily been short. 
199. During each successive geological period, the earth has 
been differently divided into land and water, the continents and 
islands of one period being submerged during another, —— 
















cation of its crust this part of the 2 has 1 
seventeen distinct sod thse ae of mane 
mountain system, the mean direction of which has been 
tained, and is characteristic of it. These seventeen s stems 
received denominations, as already mentioned pg oe, 
in which their prevalence is most conspicuous, and 

po reg which characterise them are indicated in the following 














































Thus, g the Silurian period, the Silurian strata have been 
osited only on those parts of the globe which were during that 
riod covered by water, but not on those which formed the 24 
4 When we use the expression, therefore, the Silurian sea, . ee 
‘we must be understood to mean that portion of the globe which, a 
during the Silurian period, was covered by water, and those = 
portions must necessarily be co-extensive with and limited by g k.. 
‘Silurian deposits. In the same manner during the Cretaceous 3 6 > 
N 





period, the globe, as before, consisting of land and water, the % f 
eretaceous deposit was made only in those parts which were then “te, : = 

covered by water, and formed the bottom of what is called the . %4, » 
Cretaceous sea ; the other parts of the earth, which at that epoch eh 
formed the land, being consequently destitute of the cretaceous , go 
strata, * Batten 


In the same sense is to be understood the expressions, the 7ri- 
assic sea, Jurassic sea, Tertiary sea, and so on. 

The absence, therefore, of any particular deposit in an extent 
more or less considerable of the crust of the earth, indicates that sat 
the subjacent deposit was above the level of the sea, and formed : vse Paine 
an island or continent more or less elevated during the period in 
which the absent deposit was made. Thus, for example, an 
extensive plateau in the centre of France must have been dry ae > 
land from the most remote geological epochs; and at the epoch ed 8 
of the formation of the deposit which constitutes the present Paris F Aaee 
basin, the greatest part of Europe must have been dry land, ; he 
while Paris and a large tract surrounding it, as well as Bordeaux 
and the surrounding regions, were covered by the sea, as will be ; 

- more fully explained hereafter. & : 

But it happens also that the parts which thus prove to have 4 Fig. 116.—Directions of the principal Mountain-systems. 

been dry land at a certain geological epoch, have been afterwards 


1 sgosvotb 


” 


‘puepiug jo-N 







covered by more modern sediments; from whence it follows that z : 
they must have subsequently sunk beneath the ocean, so as to : 201. The order in which these seyeral systems have been 
receive these new deposits. It is by such subsidences of the land % elevated is indicated by the numbers placed at one extremity of 
that some of the geological convulsions, whose traces will be the lines indicating their direction, and these directions ‘are 
- ieleedh, hane-bows. explained, ti expressed with more numerical precision in the Se 
i “200, According to the results obtained from the researches of sid where W. 21° 8, means a point 21° south of west; N. 23° E., a 
M. Jie de Beaumont, it appears from a comparison of the various a point 23° east of north; W. 38° N., a point 38° north of west, 
in ranges of Europe, and from an examination of the = and so on. The places indicated in the second column are 
tapon their slopes and at their bases, that since the solidi.  -_-~©=—_tho8® fom which the system takes its name, and those indi- 












North of England . 


i es Netherlands, 
Hainault ‘ . ° e 









Rhine . . . N.21° EB Upper Rhine. 
jon Pieevald . . W. 40° N. Tharingerwald. 
ith CotedOr . . . W. 40°8. Cote d'Or, 
12th Monte Viso . . . N.N.W. Monte Viso. 
13th Pyrenees. : . W. 18° N. Pyrenees. 

; iu Western Alps P . N.26° RB. Alps of Dauphine. 
16th Principal Alps ee Se Alps of the Valais. 
17th Tenarus . . >. . « Greece. 





202. In laying down upon the map the directions of the several 
systems, their divisions into such as run between N.W. and 8.E., 
and between N.E. and 8.W., becomes very apparent, as will 

by reference to fig. 117, in which the several systems are 
indicated by peculiar marks as follows -— 
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9. _ Rhine. 
a | £2 Vendfe. a 10. —... Thuringerwald. 

2. -——-— Finistére. Ath acun 2 Chediibe 

3. om Longmynd. 12, —_— Monte Viso, 

4, 20—o0 Morbihan. 13, =—cmsa Pyrenées. 
6, em Hundsruck. 14. #e+e44 Corsica, : 
6, eevee Ballons. | 15, eaceees Western Alps. 

J. saeeeeeeee North of England. 16, -«-«-«-+ Principal Alps. 
"coal Hainault. 17, -coeoe Tenarus, 


203. The systems directed between the N.W. and 8.E. run from 
the Rhine towards Provence and Brittany, and those between 
the N.E. and 8.W. from Normandy, Brittany, and the Pyrenees 

ards the Apennines. : 
7“ The geological dates of these several systems of elevation, 
determined, as will presently appear by the position of the strata 
on their flanks and at their bases, are as follows :— 
Z, System of Vendée raised before the deposition of the Cumbrian 

“Th; Syetem of Finistare raised between the Cumbrian and the green 
slate of Longmynd. =~ fl sk 





















HL. System of Longmynd raised between the 
IY. touon af hee a a ze: 
» System o bihan i * Be 
Silurian ouik raised between Bala Timestone 


V. System o! i iluri Poa 
a Site ie ni rey Do 
Vit. ees ical raised between the Si: and Vosges i 
IXY Byvtenn of Bitoe rained between the V; e 
X& System of Thuringerwald valoed bobeparae Trice ba jae 

- System of Cote d'Or raised between the Jurassic and lower 


XII. 8 cretaceous, 

All. System of Monte Vi ise otw: ipper 
7 Te Maga Viso raised between the lower and wu 

XIIL. System of Pyrenees raised between the upper Cretaceous and lower 
Tertiary, 
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Fig. 117,—Map of France, showing the prevailing direction of the prineipal 
systems of mountains, EN es 

XIV. System of Corsica raised between the lower and middle Tertiary. 
XY. System of Western Alps raised between the middle and upper 


Tertiary, 4 
XVI. Bystem of principal Alps raised between the upper Tertiary and 
uvial, 


XVII. System of Trenarus raised between the Dilnvial cea 
























pitt. De 


y Venpéx.—In the earlier researches of M. Elie 
mont, the Hundsruck system, the elevation of which 
to precede immediately the Silurian period, was assumed 

the earliest catastrophe of that kind of which the crust of 

the earth afforded any evidence. Observations more multiplied 
d exact, and a more elaborate discussion of the phenomena, 
p wlaaee| by his own labours and those of other geologists, have, 








however, conducted him to the conclusion that four of the exist- 
ing mountain systems were produced at much earlier epochs, 
__‘The first of these, to which the French province of La Vendée 
, has given its name, is repre- 
- ii sented with the Cumbrian 
es thee beds horizontal at its base, in 
— - = the section fig, 118, where 
@ represents the mountain 
range, and 4 the Cumbrian 
i deposit. 
“We may therefore imagine b to be the sea of the epoch, which 
sueceeded this elevation, in the bottom of which the Cumbrian 
formation was deposited. It is in this sense that the Cumbrian 
gea is to be understood, and a like form of expression will be 
used in a corresponding sense in other cases. 
The date of the catastrophe by which the Vendée system was 
up, must therefore be prior to the deposition of the 
ian strata. ‘ 
This mountain system has hitherto been but little studied. 
Traces of it are shown by M. de Beaumont to exist in schists of 
Belle-Isle, of the embouchure of the river Villeine, in the mica- 
schists or gneiss on the banks of the river Blavet (dep. Morbihan), 
in Beaupréau, and Bourbon- Vendée. . 
206. Il, System or Frxistirr.—By the catastrophe which 
produced this system, the 





i Cumbrian formation J, fig. 119, 

119. i was uplifted, and in the period 
‘Green slate Sea. of tranquillity which followed, 

Sh the waters deposited the strata 


of green slate of Longmynd 
in Wales, These last, c, are 
accordingly seen in horizontal 


e 


pia! r ; d A 


strata along the base of the system. 
_ The date of the catastrophe is therefore posterior to the deposi- 
tion of the Cumbrian formation, and anterior to that of the green 


- Longmynd and Westmoreland. 











Traces of this system exist in the gneiss and. 
Brest, the Cumbrian schists between Poslity 4 Y 
chloritic schists of Cherbourg, the Cumberland r 
cata ani Up i Soren Serer oe 
southern part of Finland, It is also seen Pyrenees 
Catalonia. hs ‘ 

207. II]. Syste or Lonowyxp.—The 
were forced up and inclined by this convulsion. pee en’ 
period which ensued, the Bala 
lime-stone beds, d, fig. 120, 
were deposited by the ocean 
on their flanks, where these 
strata are still seen in the 
same horizontal position. 

The date of the catastrophe 
is therefore posterior to the 
lime-stone. 

In Brittany the green slate does not appear between the Bala 
limestone d and the Cumbrian strata 5, which shows that that 
Lo of Europe was dry land while the Bala sea was making its 

eposits. 4 

The stratification due to the Longmynd system has been traced 
in Limousin in France, in the mountains of Morocco, in the Serra 
da Estrella in Portugal, in the Erzgebirge in Saxony, in the gneiss 
mountains of Moravia, and of those parts of Bohemia bordering on 
Austria, on the north-east of the Wenner lake in Sven ag 
the coast of the Gulf of Bothnia in Finland, and along that 
Wiborg on the other side. 

208. LV, System or MorsriaN.—The conyulsion which produced 
this system upheaved the Bala . 


Longmynd 
system 
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formation d, fig. 121, throw- i g 2 
ing its strata, previously hori- Fis. a He en eh 
zontal, into an inclined posi- Sharia. i ao 





tion. In the tranquil period 
which ensued, the mountains — 
thus formed were washed by f . <7 or 

an ocean and seas in which were deposited the Silurian formation /, 
which is still horizontal, on the flanks of this system. 

This convulsion, therefore, immediately preceded the Silurian — 
period, and was posterior to the deposition of the Bala 
limestone. 

The system of Morbihan is very extensive; it is traced i 
mica-schists and gneiss of the Loire Inférieure, in the islands 
terminate the south-west coast of Brittany, in the granitic plateau 
which extends along that coast beyond Parthenay, and over part 



































‘between Tulle and 





and in the Bocage of dy. Traces of it are found in the 
“i mica-schists and gneiss of Messina, in the Erzgebirge, in Bochmer- 


_ waldgebirge, in the granitic steppes which extend from Volhynia 
towards the Don, in Labrador and in Canada. , 
909, V. Sysrem or Huwpsrvck.—The catastrophe which pro- 
coincided with the commencement of animal 
vegetable life upon the earth. The strata deposited by the 
the Silurian sea which preceded it, were uplifted from 
izontal position so as to form the mountain ranges to 
ich M. Elie de Beaumont has given the name of Hundsruck, 
mountainous region of Germany extending over the southern 
Rhenish Prussia and Rhenish Bavaria, where it is con- 
nected with the chain of the 


ad ba 
tree 


Vosges. Its geological date 
is fixed by the fact that the 
Devonian strata are found in 
a horizontal position upon its 
flank, as shown in fig. 122. 
The catastrophe must, there- 
g oe ee « fore, have followed the Silu- 
rian, and preceded the Devonian period. 
This system is traced through France, in Brittany, in the de- 
ofthe Ile-et-Vilain, in the strata which cover Cape Finis- 
tére, in Mayenne, and in the department of the Orne and the 
Manche. It appears also in the slate formation of the Ardennes, 
of the Eiffel, in the mountains of Hundsruck and the Taurus. 
Tt is also found in the Hartz mountains, in the Erzgebirge, 
in Bohemia, in the island of Gothland, in Finland and Lapland. 
In England it is traced in Cornwall, Westmoreland, and the 





210. VI. Sysrem or THE BaLtons.—This system originated ina 
convulsion by which the Devonian strata, y, were uplifted and 
: thrown into an inclined 





198, Ee position, as shown in fig. 

iiielanetioone sede Se and lakes. 123. The waters of the 

O=<A=«>i globe, when tranquillity 
EIS ed ‘ 

at CED ensued, deposited the car- 

= a NN SAS > houkfarsi I 1 in Hortk 

h gfadeba zontal strata, h, in the 


m of seas, oceans, and lakes, the latter being at more elevated 
- leyels than the former, as shown in the figure. é 
__ ‘The date of the catastrophe is, therefore, antecedent to the car- 
e s, and posterior to the ] period. This system is 
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traced in France in the anthracite schistous be 
the Loire and of the Brest canal. It is also 
pet by a eo in the south-east of La: 
of the in the chains aad 
Corraze. osges, of Lozére, od 
_In England the system is directed from Cornwall to the Gram 
— in Belgium from Avesnes to Liége, and in : 
mountains, which proba i 5 tice: 
ae ’ probably have rocetved fom it SeeGiaa 
Tt may also be traced in Bohemia, Saxony Sweden, Russia, _ = 
Siberia, in the Altai range, in North America, along the ee 
the Alleghanies, and in et Asia. Ri 3 
211, VII. System or tue Norto or Exexaxp.—The eom- 
vulsion which produced this system dislocated the coal formation, 
A, fig. 124, and in the 
tranquil period which sue- 
ceeded the waters of the 
ocean deposited thePermian 
strata, i. Pig. 124. 
Its date, therefore, was 
prior to the Permian and 
subsequent to the carboni- 
ferous period. This system a 
is characterised by lines é a of 2 eee 
of summit which extend from the parallel of Derby te the frontiers 
of Scotland, through Yorkshire, and between Cumberland and 
Northumberland. Traces of it are also found in the neighbour 
hood of Bristol, as well as in the south of Ireland. Itis traced alse 
both in Norway and Sweden, upon the crests of the southerm chains. 
212, VIL. System or Harxavur.—The catastrophe whieh 
duced this system has been manifested less by any Bt 
than by a series of dislocations and compressions which Neng 
in England, between Pembrokeshire and Mansfield, and 
also traverse the Netherlands, running nearly east and west. All 
the existing strata, and par- 
ticularly the coal measures, 
h, fig, 125, and the Permian 
strata, ¢, exhibit these effects. 
The strata of Vosgian sand- 
stone are, however, undis- 
turbed and horizontal as they 
weredeposited fromthe waters, © ‘4 973% es 4 
showing that the date of this cobestenghe was or 
deposition and posterior to the Permian period, These posite 
of the Vosgian strata are apparent at Sarrebruck, = we 











N, of Rogland 
system, 










certain granitic islets, in the coal basin of Brittany, 
towards Quimper. 

213. IX. Sysrem or rox Kurwe.—This system is manifested 

chiefly upon the cliffs of the Rhine, between Bale and Mentz, with 

various other parallel 


me x gs escarpments, indicating 
Triassic sca. me faults which have affected 


A all the strata, including 
7 the Vosgian sandstone, k, 
tig. 126, patches of which 
they have pushed up to 
different heights, without 
disturbing their horizontal position. Hence have resulted islands 
in the seas of this epoch, around which the Triassic group has 
been deposited at a lower level, as shown in fig. 126. 

214. X. System or Tuvrrncerwatp.—Tbe mountains to 
which this system has given its name, and of which the Bomher- 


Kf) 
z mesh /N 


é i r] d 





3 waldgebirge is the continuation, 

fa constitute the natural frontiers 

, which divide Bavaria, Saxony, 

Fig. 127 = ur 1 B rh mia. The most re- 
Jurassic sea me markable effects of this 





rophe are manifested be- 

rey LP Age ifs tween Cassel and Linz, where 

the Triassic strata, /, are up- 

ie 8 lifted and overlaid by the 
Jurassic deposits, m, in level strata, fig. 127. 

Some traces of this system are seen in the south-western part 
of the Vosges, where the Triassic strata (grée ligarré) are raised 
considerably above the general level, an effect probably produced 
by the masses of serpentine which protrude in that region. 
Between Avallon and Autun some granitic islets and dislocated 
Triassic strata have also the north-west direction, and are sur- 
rounded by the Jurassic limestone in level strata. The date of the 
catastrophe is, therefore, anterior to the Jurassic period, but 
posterior to the Triassic. 
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Fig. 148. —PossiL SCORPION (CYCLOPHTHALMUS BUCKLANDII), 


THE PRE-ADAMITE EARTH. 


+ 


CHAPTER II. 


215, Elie de Beaumont’s mountain systems continued: System of Cote d'Or. 


—216. System of Monte Viso.—217. System of the Pyrenees —218, 
System of Corsica,—219. System of the Western Alps,—220. System 
of the Principal Alps. —221. System of Twnarus.—222, Principal 
effects of this eonvulsion.—223. Extension of De Beaumont’s system 
by analogy to the remainder of the globe ; general plan of mountain 
systems.—224, Geological horizon explained ; mineralogical characters 
insufficient to identify it.—225. Indications supplied by fossiliferous 
deposits, — 226. Twenty-nine fossiliferous strata. —227. Zoological 
stratification. —228. Method of determining outlines of land and water 
twofold: mineralogical and zoological. —229. The mineralogical tests 
uncertain, —230. The zoological tests clear and definite. —231. Organic 
remains which characterise the bottom of deep seas, —232. Organic 
remains which determine the shores of seas.—233. Others which deter- 
mine the bottoms of shallow seas. —234. Others which indicate the 
embouchures of rivers and estuaries. 235. Conventional terms. —236, 
Successive creations, —237, Geological periods and stages. —238. ‘Six 
great formations. —239. Resolution of the earth’s crust into 29 stages. 
—240. Six geological ages.—241. Succession of geological periods. — 
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et. or Core p’ORr.—This system in its direction is 
at right angles to the pteceding, see fig. 116. The Jurassic 
: deposits, m, fig. 128, are pushed 
$ up, and the lower cretaceous 
| strata, », ranged horizontally 
upon them, as shown in fig. 
128. This system may be 
traced without interruption 
from Luxembourg to Roehelle, 

a wm i A gfdeba and in all the crests of the 

Jura, It was by this cata- 
strophe that the eastern border of the central plateau of France 
was raised and dislocated after the formation of the Juras- 
sic group, which is there considerably elevated; while the 
other borders have suffered no derangement : which indicates that 
this plateau, in the chief part of its extent, has undergone no 
change since the Jurassic period. Traces of this catastrophe are 
also manifested in several other parts of France—north and 
south; in several parts of Germany; and especially in the 
Erzgebirge, which, though divested of the Jurassic limestone, has 
the lower cretaceous strata in horizontal beds at its foot. 

The date of this catastrophe is, therefore, between the period of 
the deposition of the lower cretaceous strata and that of the 
Jurassic group. 

216, XII, System or Mowre Viso.—The dislocation of the 
lower cretaceous deposits, n, fig. 129, by this catastrophe, and the 
presence of the upper cre- 
taceous deposits in their 
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Ba 
er 33 horizontal position, are 
a. 3° distinctly manifested in 
the Alps of Dauphiné, 
showing that the date of 
Ea 2 the catastrophe is between 
: the periods at which the 


o on m i kh g fdebva  Upperand lowercretaceous 
its deposits were made, 

_ The upper cretaceous strata, represented by beds of nummulites, 
and sometimes, but very rarely, by grey and compact limestone, 
PB are alone found to be horizontal, as may be seen on the Col de 

Bayard and the Col Maurin. Indications of this system may 





* rendered dry land. 
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in the mountains which connect the Al Jura, afar as 
the Pont d’Ain and Lone-le-Giuisiae* "Span “3 
a cme the principal direction of the coasts of fe 
Well as that of a system of elevated rid pe 
Pindarus forms part. : waters eo! 


217. XIII. System or THE Pyrenges.—By thi catestroylis 
upper cretaceous strata, ay 





®, fig. 130, were raised and Fig. 1: ig 
dislocated, Lower tertiary BS 
Thelower tertiary strata, aa, 


Pp, being horizontal, show 
that the date of the cata- 
strophe is between that of 
the lower tertiary and the ° = =.4 Seo 
upper eretaceous periods. By this disturbance the upper creta- 
ceous strata have been elevated to a considerable height, forming 
lofty cliffs, especially along the Spanish frontier. 

The caleareous strata of the Paris basin, usually considered as 
the lowest of the tertiary strata, having but little extent over the 
surface of France, or even of Europe, it follows that at the epoch 
of the formation of the Pyrenean system, the chief part of the 
continent of Europe was suddenly raised above the waters and 





Not only the whole chain of the Pyrenees, as well in France as 
in the Asturias, belongs to this epoch, but also that of the 
Apennines, the Julian Alps, the Carpathians, the Balkans, and 
the mountains of Greece. The same direction is discovered im 
numerous dislocations and denudations in Germany, in the north 
of France, and in the Wealden of England; from whence it 
appears that this catastrophe must have had a yast extent, 
affecting certainly the entire surface of Europe and probably ef 
the world. 

218. XIV. System or Corstca.—This catastrophe, unlike the 
former ones, is not marked by an elevation of the strata, whieh 
were formed under the water. After the preceding elevation, the 
Parisian lime-stone, which would then be found, is completely 
absent in those places where the new catastrophe was manifested. 

The absence of this deposit signifies that the ground over the 
whole of Europe at that epoch was raised above the level of the 
sea; but as observation shows us that in this same place other 
marine deposits were made at a later period, it must be concluded 
that those parts which were first elevated above the: 
below it at a subsequent period, so. as to receive the superjacent 

its now found upon them. This must in faet have happened 
to part of the Paris basin, mera the Sele 
c 









brought above the level of the waters by the Pyrenean elevation, 
~ which ced the thirteenth system, and must have afterwards 
‘sunk to receive the subsequent deposits. 
ma ho Coesionn ote manifested also by elevations and dis- 
memberments, which have given their ultimate form to the 
mountains, which rising between the valleys of the Saone, the 
Loire, and the Allier, have directions from north to south. In 
these countries all the secondary strata are disturbed, and around 
them are formed the fresh-water deposits of Auvergne and the 
~ Loire. It was along the direction of this disturbance that were 
subsequently placed all the yoleanic cones of the chain of 


the Puys. : ee 
Traces of this Corsican system are found in the mountains which 


connect the Alps with the Jura, in spite of the dismemberments 
which the succeeding catastrophes produced. There exists also a 
great number of chains having the same direction in the eastern 
and southern parts of Europe, in Tuscany, the Papal States, 
Istria, Albania, (reece, and so on. The islands of Corsica and 
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along the coast tertiary deposits in horizontal strata of the same 
age as those which are found in all the parts of France above 
mentioned. 

219, XV. Sysrem or Wesrexn Atrs.—If the Swiss Alps and 
those of Savoy and Dauphiné present traces of catastrophes which 
took place since the elevation of the system of Céte d’Or, it is not 

‘Jess evident that the actual profile of the chain has a date much 
more recent. In fact the middle strata of the tertiary system, 
which were only raised above the waters after the date of the 
Corsican system, are now elevated sometimes to vast altitudes, as 
well as the Jurassic and cretaceous formations beneath them. The 
only strata found horizontal are the upper tertiary. Thus it 
follows that this chain of mountains, which includes the most 

lofty in Europe, were not raised to their present elevation from 
the common level of the continent until after the deposition of the 
middle tertiary strata. 
© The matter which broke through the crust of the earth in this 

- eatastrophe, was the particular species of granite of which Mont 

Blane and Monte Rosa are formed. A multitude of granitic 

- jslands in different parts of the continent are also formed of it, 

on the flanks of which appear inclined the tertiary, cretaceous, 
and Jurassic strata. These granites at an early epoch in the pro- 
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Sardinia are also arranged from north to south, and present | 


gress of the science, when the principles which determine the — 
Si 20 >. 
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dates of EG LR Re eae 
of mountain ranges were less understood, being regarded 
as dating from the earliest geological periods, pele ed 





of Protogyne. It is now known, however, thet they, didiaet | Saat 


the aids foster syeies, von i Se Sa 
bedin: ary sy » Seen in the strata around the Paris 

The relative position of the strata, determined by the auatial 
of the Western Alps, is itustrated te fig. 
letters are used to indicate eee 
the several strata, as in 
the former figures. The 
8ea, which subsequently 
deposited in horizontal 
strata the upper tertiary 
system, is indicated in the 
figure. 

This catastrophe pro- 
duced not only the lofty chains of Savoy and Danphiné, but 
extended its influence over Europe north and south. On the one 
side Nova Zembla and the whole Scandinavian Peninsula were 
affected by it, and on the other it produced a series of disloea- 
tions which are seen from Narbonne to Catalonia, determining 
the position of the whole Mediterranean coast of Spaim. Tits 
influence was felt south of the Mediterranean, producing the 
mountains of Morocco as well as those of the regeney of Tunis. 

220, XVI. System or Principat Axps.—This catastrophe 
has produced the grandest features of relief upon the European 
continent, The lacustrine deposits, formed after the elevation of 
the Western Alps, were themselves dislocated by it, and along 
the foot of the chain there are no other horizontal strata than 
the diluyial deposits of the present epoch. The matter pressed up 
from the inner regions of the globe by this catastrophe were the 
different varieties of melaphyres, the sienites, the euphotides and 
serpentines, which forced wp all the tertiary deposits of Piedmont 
and Provence, as well as the granitic rocks which constitute the 
most elevated summits of the principal chains of the Alps. 

Not only were all the mountains which extend from the Valais 
and St. Gothard into Austria raised on this oceasion, but the 

eater part of the surface of Europe shared in the movement. 
in fact the surface of the continent was lifted into a gentle 
acclivity, directed towards the line of summit of this great chain, 
It is thus for example that the plains of Bavaria rise slowly in a 
direction a little east of south, and those of Lombardy im an 
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opposite direction, In the south of France, in like manner, the 
~ tertiary formation rises from the south towards the oe 








orde: rra to Saint-Vallier, and on the 
‘side the inclination is in the opposite direction. From the 

ders of the Loire the surface rises gently on the one side in 
the direction N.N.W., and on the other in the direction 8.8.E., as 
far as the valleys of Auvergne. At the foot of the Pyrenees, the 
ophites, as well as the gypsums and the saliferous masses con- 
nected with them, form a tract whose direction is parallel to the 
chain of the principal Alps, and resemble the arrangement of the 
serpen! alley of Aosta. 

gest diane a T»ynarnvs.—This is the last and most 
recent great catastrophe of which Europe has been the theatre. 
It took place at an epoch when our seas were peopled by the 
tribes which now inhabit them, and when possibly the human 
race had already appeared, so that the result might not inaptly be 
called t-Adamite system, 

ee sacvis! iepeatia which surrounded the principal 
Alps in horizontal strata had been made, the surface of Tuscany 
underwent a dislocation parallel to a great circle, directed nearly 
N.W. and 8.E. The deposits raised at this epoch include nothing 
but shells, similar to those of the existing seas, as may be 
shown by an examination of the tufa of the Phlegrwan fields, a 
district on the shore of the Bay of Baim, near Naples, and of the 
Somma of the island of Ischia. The sedimentary deposits of 
Sardinia, where M. de la Marmora discovered the remains of 
infant arts, appear also to have shared in this movement, which 
must therefore have been one of extremely modern date com- 
pared with all those already described. 

222, It is to this catastrophe that must be ascribed the ele- 
vation of the Somma, of Stromboli, and of Etna, all of which 
would have been totally deranged if they had existed before 
the catastrophe of the principal Alps, by which so many 
ravages have been produced in all directions. To the same 
movement are probably also due the volcanic formation of 
Auvergne and the Vivarais, the ejections from which have issued 
from fractures and fissures produced by some of the antecedent 
catastrophes. : ; 

The system of elevation, the traces of which are seen in 
Provence, near Nice, in Sardinia, in Sicily, and in the Phlegrwan 
fields, is parallel to the modern system, which Messrs, Boblaye 
and Virlet have indicated at the southern part of the Morea, and 
which they have called Tenarus, from the adjacent cape of that 


mame. ; 
223. Such then, according to the remarkably able and per- 
 ‘spicuous analysis of M. Elie de Beaumont, is the history of the 
principal changes which the surface of the globe has undergone 
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from the first consolidation of its ‘external « "1 
epoch. Since it has been found in Europe 
world which has hitherto undergone sufliciently a 
Survey), that the various ridges which haye the 
etions belong to the same epoch of elevation, ° 
justify a similar inference respecting all parts of the 
we should naturally conclude that parallel lines of di 
* are td of formation are interchangeable principh 
$ at least interesting to examine from this poi t of 1 ‘ 
principal chains which are known in different fe of ap, 





To show how far the results of these observations in. 
may be generalised by such analogies, M. Elie de 
designed for M. Beudant the plan which, by their permission, 
i ret yee in fig. 132, showing the generalisation of the 
Classification of mountain systems accordin ir dates, 
above explained. bigieb: * 

It will be seen upon this chart that the direction of the system 
of the Pyrenees extends from the Alleghanies in North America 
to the Indian Peninsula by the Carpathians, Mount Caucasus, the 
mountains of Persia, and the Ghauts in India. To the south of 
this line there are several parallel ridges, such as those which run _ 
from Cape Ortegal in the Asturias to Cape Creux in a) 
Also the little range of Grenada, the mountains which surround 
the southern side of the desert of Sahara, intersecting the direction 
of the Atlas, and, in fine, the Apennines, the Julian Alps, and the ee 
mountains of Croatia and Roumelia, extending to those of the 4 
Morea. 

The system of the Ballons, so closely related in direction to that 
of the Pyrenees, is also represented in the Alleghanies. a 

The direction of the system of the Western Alps is obse 
from Moroceo to New Zealand, passing along the eastern coast of — 
Spain, the south of France, and a great part of the Scandinayi 
peninsula, Parallel ridges are found in the Cordilleras of B 
in the regency of Tunis, in Sicily, at the point of Italy, a : 
Asia Minor. All the littoral range of the old continent, from the 
northern cape of Lapland to Cape Blanco in Africa, partakes of 

this direction. \ deine 
The direction of the principal Alps is in accordance 1 
numerous other ridges, Chains parallel to this direoti 
found in the Atlas, in Spain, and across the old continent to the 
China Sea, including Mount Olympus, the Balkans, the an 
the central chain of the Caucasus between the Black. Jala 
Caspian ; in the long series of mountains which ¢ 
Persia and Cabul, including the amisan ™ 


4 
ee 









PLAN. OF MOUNTAIN. SYSTEMS, 


s, which include the most lofty moun- 
| to the Cor n system are the chains of Syria and Pal- 
estine. Parallel to that of Monte Viso, those of Pindus. Parallel 
' untains of Attica and Negropont, 

perhaps the Hundsruck, are the Altai 
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| convulsions, the result of each of which was the complete 
d n of animal and vegetable life upon the globe, the fossil 
deposits of the next strata of the series in ascending, being the 
remains of the animal and vegetable tribes which re-peopled and 
re-clothed the earth after the ensuing period of tranquillity. 

227. The organic remains, deposited in the successive layers of 
the terrestrial crust, show the character of the animal and vegetable 
world during the periods of tranquillity which followed the several 
eonyulsions which thus devastated the globe. It is, however, 
a problem of not less high interest to determine the geographical 
character of the surface, as defined by the relative extent and 
outlines of land and water, during each of these periods. The 
solution of this problem would be attended with no difliculty, if 
we possessed a perfect knowledge of the condition of the sedi- 
mentary strata in all parts of the earth. But not to mention our 
want of all knowledge of the state of that large portion of the 
earth’s surface, which is at present covered with water, we have 
as yet been able to effect only a very limited and imperfect survey 
even of that lesser part which forms the land. Nevertheless, the 
positive knowledge, small as it is, which the labours and re- 
searches of geologists have supplied, aided by obvious analogies 
on which conclusions are based, having, if not in all cases moral 
certainty, at least a high degree of probability, has afforded a 
close approximation to the series of geographical changes which 
that part of the earth, at present composing the land, has under- 
gone since the earliest geological epochs. 

, 228. The means whereby the outlines of land and water at any 
proposed geological period are determined are twofold, one method 
depending on the mineralogical character of the strata, and the 
other upon that of its organic deposits. 

To explain these methods, let us suppose, for example, that it 
is required to determine the outlines of land and water, upon those 
parts of the globe of which we possess suflicient geological know- 
ledge, during the Silurian epoch. The first point will be, in that 
case, to determine the extent and limits of that class of strata to 
which the name Silurian has been given. Let us imagine that all 
the strata of more modern date are removed, and the Silurian 
strata laid bare. These strata were deposited during the Silurian 
period at the bottom of the seas and oceans which then partially 
covered the globe, and whose outlines and limits are the imme- 
diate subject of inquiry. The land during this period consisted 
of those parts of the globe alone upon which the Silurian deposit 
was not made, If, therefore, we possess the means of discovering 
the exact extent and outline of the Silurian deposit, we possess 

~~ (8 








The outlines of this deposit are, in fact, identical with the outlines 
of land and water during the Silurian period. The land 
sisted, of course, of those strata which, being more ancient rv 
the ga were pushed above the level of the waters by the 
convulsion which preceded the period of tranquilli ing which 
the Silurian strata were Aaperlied: bores 

229. If, therefore, the extent and limits of the Silurian 
could be certainly and definitely ascertained, the problem would 
be solved ; but independently of the knowledge, more or less 
Imperfect, which direct observation has supplied as to the extent 
and limits of this deposit, some uncertainty attends the identi- 
fication of the various strata to which the name Silurian is 
properly given, by their mere mineralogical characters. It has 
been already explained, that strata of simultaneous deposition 
vary in their mineralogical characters from place to place, those 
which have been deposited in one part of the world consisting of 
mineral constituents wholly different from those which have been 
deposited at the same epoch elsewhere. 

230, The doubt which this raises, however, has been removed 
by the light thrown upon geology by fossil zoology and botany. 
If the mineralogical characters of contemporaneous strata be 
doubtful, there can be no uncertainty as to the zoological 
character of their fossil contents. 

Although it be true that many of the genera of animals and 
plants, deposited in strata of different dates are common, this is 
not the case with the species which, with very rare exceptions, 
are peculiar to each period. If, therefore, the observer, guided 
merely by the mineralogical character of the strata under examina- 
tion, be uncertain as to its date, his doubts will disappear upon 
a due examination of its organic deposits. No other than the 
strata of one particular epoch can contain the same combination 
of species of animals and plants. 

231, But the aid afforded by the organic deposits is not limited 
merely to the determination of the date of the strata. They also 
supply the means of determining, with much greater precision 
than can be obtained from the mere mineralogical constituents, 
the outlines of land and water. It is known that certain genera 

of animals can live only in the tranquil bottoms of deep seas; 
there they live and there they die, and there their remains are 
buried in the strata deposited by such waters, Where such 
remains, therefore, are found in the strata of the crust of the 
earth, such strata must have been at the epoch of its deposition 
at the bottom of a deep sea or ocean. < 

232. The bodies of certain animals when dead and = dis- 






























tween higl low water-mark. There, upon the successive 
returns of the tide, they would be gradually covered with sand or 
mud, and would thus be buried in the strata to become future 
‘fossils. Where such remains are found, therefore, the strata 
must have been upon the very limits of land and water, upon the 
strand or coast surrounding continents or islands. If the floating 
bodies of such animals be dismembered, either by incidental 
fracture or by the voracious attacks of other living animals, 
their dismembered parts being, bulk for bulk, heavier than water, 
would sink, and in such cases would be deposited at the bottom 
of the sea, It must, therefore, be expected that such dis- 
membered remains would be sometimes found in the fossil state, 
in juxtaposition with the complete remains of animals which live 
exclusively in the bottoms of deep seas; and such, in fact, is 
found to be the case. But from these indications, rightly under- 
stood, no doubt can arise, since in no case is the entire body of 
such an animal found in such a position. 

233. Other marine animals live not on the very coasts of the 


sea, nor yet in very deep waters, but frequent the littoral parts of 
geas and oceans, and in the bottom of these their remains are 
~ accordingly found. 


Without going, with any degree of tedious minuteness, into 
the zoological characteristics of the several marine tribes, it will, 
therefore, be understood, that the deposition of the complete 
remains of certain species can only take place on the coasts of 
seas and oceans between high and low water-mark, the deposition 
of others on the littoral parts, and of others again in the bottoms 
of deep seas. , ; Ay 

Thus, according to the varying zoological characteristics of the 
organic remains, the geologist is enabled to pronounce in a definite 
manner upon the outlines of land and water. 

234. The bodies of dead animals and uprooted vegetables are 
earried by the currents of rivers to their embouchures, and are 
there deposited, mixed with certain species of marine animals. 
Thus, the combination of fresh-water shells, land animals, and 
plants, with the remains of marine animals, are the sure indi- 
‘cations of the embouchures of rivers and estuaries. 

285, Having explained the indications by which the outlines of 
sea and land and the animal and vegetable kingdoms correspond- 
ing to them at each epoch of geological time can be determined, 
with more or less approximation, we shall proceed to relate the 
history of the earth, from the first appearance of animated nature 
ied to the present epoch, It will, however, be convenient 








ZOOLOGICAL ‘TESTS, 


previously to fix the sense of certain conventional terms nece 
to be used in such a narrative, by which the effects 

succession of terrestrial convulsions, and the intervals of ; 
time will be expressed. 7h ange 5" 

236. As has been already stated, the earth we inhabit has 
undergone a long series of convulsions, affecting its entire sur- 
face, each of which has been succeeded by a long interval of 
tranquillity, during which, the waters, in a state of equilibrium — 
and quiescence, deposited the solid matter suspended in them ina 
Series of layers, and in each of these intervals the author of 
nature called into existence an animal and yegetable kingdom, 
resembling more or less the present. 

237. The intervals of time which elapsed thus between convul- 
sion and convulsion, we shall call geological periods, and the 
mineral strata deposited by the waters during such periods, we 
shall call geological stages, 

Unlike historic, geological time is therefore not measured by 
years and centuries. Its units are much more vast, Each of 
them is a period, that is an interval of time, whose exact length 
is unascertained, but which must be considered as having an 
analogy, more or less close, to the interval which will have 
between the creation of the present animal kingdom and the epoch, 
whenever it may arrive, at which, it, like all those which pre- 
existed, shall be swept away. 

238. An analysis of the strata composing the erust of the earth 
has presented certain features, upon which geologists have founded 
a classification of the stages just mentioned. According to this 
classification, the stages, from the igneous rocks to the latest 
deposits, which immediately preceded the appearance of the present 
state of things, have been resolved into six groups, denominated 
as follows :— 

1, Azoie formation. 
2. Palwozoie formation. 
. Triassic formation. 
. Jurassic formation. its 
. Cretaceous formation. bey Saat ae * 
. Tertiary formation. tl” 

239. The Azoic formation consists of groups of strata, the lowest \ 
of which reposes upon the igneous rocks. The Paleozoic formation 
rests upon the uppermost strata of the Azoic group, and init, asits 
name implies, are found the Strat treet of one hy 
stratigraphic characters of the other groups may be seen Dy 
falene 14 the tabular sections. of the Earth’s Crust, given in 
§ 47. Shot 
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The Palwozoie formation consists of five distinet es Hal 





ie forn ists of two such stages, the Jurassic of ten, 
aie , and, in fine, the Tertiary of five; so that the 
portion of the earth’s crust may be considered 
as consisting of twenty-nine stages, each stage being a catacomb 
- in which the remains of the preceding creation are buried. 

240. The intervals of time during which each of these six for- 
mations were deposited, we shall call geological ages. Thus, that 
in which the Azoic formation was deposited we shall call the Azote 
age, that in which the Palwozoic formation was deposited we shall 
call the Paleozoic age, and so on. 

241. The lesser intervals during which the several stages com- 
posing each geological formation were deposited, and during 
which, as already stated, an animated world was created, lived, 
and was destroyed, we shall call geological periods. Thus the Palwo- 
zoie age consisted of five periods, denominated in their numerical 
order, from the earliest or lowest to the latest or uppermost, the 
Jirst Paleozoic period, the second Paleozoic period, and so on. In 
the same manner, the Triassic age consisted of two periods, the 
Jirst and the second. The Jurassic of ten counted from the lowest, 
or most ancient, to the highest or most modern, and the like of the 
other formations. 

242. Since it will be necessary to make frequent reference to 
the various forms of animal life, which from period to period pre- 
yailed upon the earth; and such references must occasionally 
necessitate the use of certain technical zoological terms, it will be 
convenient for those readers who are not already familiar with 
the elements of zoology, to give a general outline of the classifi- 
cation of animals which we shall adopt. 

Naturalists have classed all the various forms of animal life 
into four primary divisions, denominated from their peculiar 
structure: 1. VERTEBRATA; 2. ANNULATA; 3. Montvsca; and 
4, Raprata.* 

243. Each of these primary divisions is resolved into a certain 
number of ctasses; each class is again resolved into a certain 
number of orpERs; each order is resolved into a certain number 
of GENERA ;} each genus is resolved into a certain number of 
SPECIES, and each species consists of certain VARIETIES, 

_ Here the classification terminates, the varieties being composed 
of individuals. Thus, if it be required to determine the zoological 
character of any individual animal, it is first necessary to state 


— ils among the classifications ad y 
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CLASSIFICATION OP ANIMALS, 


the variety to which it Le species of w 
a variety, then the genus of he oo ae ‘ 0” 
genus, then the class of the order, and, in fine, the . 
divinin to which this class belongs, gies 
F . The four primary divisions above mentioned resolved 
into classes, as follows:—The Vertebrata into Sour, the. Annulata . 
into siz, the Mollusca into fire, and the Radiata into making 2 
altogether twenty classes, as shown in the following tal 
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CLASSES. | sotinciaial 1 
. = (Mammifers . . it an ae wade 
OG} tee rend << cock, cnttrich, a 
| Es —. mpi ; . Tortoise, lizard, snake, frog. 
/ ishes - 5 - . Perch, carp, eel, skate, shark, 
I reser - . | Bee, grasshopper, flea, butterfly, | 
: en - . | Seolopendra, Tulus. Figs. 183, 134, 
re : . Spider, scorpion, mite. 
Crab, lobster, shrimp. 
— (animals which attach them-| 
selves to ships’ bottoms, 135, 
Earth-worm, leech. i: 
; Gey pods, ; “¢. Octopus, cuttle-fish, nautilus, Figs. 
3 Gastropods ‘ . . | Snail, whelk, [10, 11, p. MS 
5 Lamellibranchia (acephala),| Oyster, mussel. 
3 Brachiopods 2 . . | Lingula, terebratula, pentamerus. 
1 ¥ Figs. 18, 19, p. 66, 
| Bryozoa : ; .  Reticulipora. Figs. 20 to 23, p. 67. 


; 





{ Echinodermata . ae Star-fish, on-anriilil Fig. 136. 
} Polyparia, or Zoophytes . Coral, astrea. Fig. 137. 


ae 

r (Foraminifera. . . Figs. 104, 105, 106. 

| § | Amorozn . |". 2 | Sponges, fungi. Fige, 188, 180, 3 
} Infusoria r ; . | Fig. 107. 


245, The Vertebrate division is characterised by an internal 
skeleton and a cerebro-spinal nervous system, It takes its name 
from the vertebral or spinal column, to which all the subordinate 
parts of the skeleton are attached. oth 

The Annulata haye no internal skeleton, but in its stead a tegu- 
mentary covering, composed of movable rings, which gives them — 
their characteristic form, Their nervous system consists of two long 
cords running longitudinally through the abdomen, twisted at inter- 
yals into knots called ganglions. The covering, which 
is always annular, is sometimes hard and caleareous, as in the lobster 
and shrimp, and sometimes soft, as in the aie ac i 
















a Te Sa mais ." i 
ing the lowest forms of organic life, is a 
nsisting of classes so heterogeneous, that many naturalists, 
wing Cuvier, have differently resolved them. They have 
in general no articulated skeleton, either internal or external, and 
exhibit the rudiments of a nervous system. Those to 
which the name Radiata is more properly applied are composed 

of organs disposed radially around a centre or axis. 

se Some naturalists have given to this division the name of 
Zooruytes, from a Greek word, signifying the link between 

















animals and vegetables; while others have confined this latter S 
term to the Polyparia, 4 
os | 
Fig. 182.—1LLUSTRATION OF THR ANIMAL AND VEGETABLE KINGDOMS DURING THE 
: 7 TERTIARY AGE, 
ids. an i Palsotherian mite" Gaceaga eee 
te lowest, : 
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THE PRE-ADAMITE EARTH. 


246, Since the technical names of several of the classes into 
which the principal divisions are resglved will not be familiar to 
some of the readers of this tract, it may be useful to indicate the 
origins from which they are severally derived. 

Mammifers is from a Latin word, signifying the bearers of 
breasts or paps, and consequently is applicable to animals which 
suckle their young. 

Reptile comes from the Latin word repto, I creep or crawl. 

Insects are so called from a Latin word, signifying the division 
of its body into segments, 

Myriapods is a Greek word, signifying thousands of feet, 
figs, 133, 134. 


Arachnida is taken from a Gre word, (dpdyen, arachné, 
signifying a spider’s web. 
Crustacea is taken from a Latin word (erusta), signifyin hard 








covering or crust. 
Cirrhipeds, or Cirrhopods as 





name from a Latin word (cirrhus), signifying hair, the compound 
signifying hair-footed animals ; that is, whose members of loco- 
motion are hairs, fig. 135, 

Annelides, as well as Annulata, is taken from a Latin word 
(annulus), signifying a ring. 

Cephalopods is a Greek compound, signifying head-footed, or 
animals whose organs of locomotion are upon their heads, figs. 9 
10; 11 , 

Gastropods is likewise a Greek compound, signifying belly- 

34 
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Jooted, or animals whose 
their belli 8, 


Lame 


organs of locomotion are attached to 


llibranchia is compounded of two Latin w 


ords, (lamella, a 





s to ships’ bottoms), 





plate or leaf; and branchia, a gill,) the class including those 
unimals which have gills or branchia placed by pairs along the 
body, of a lamellated form. 

Acephala is also a Greek compound, signifying absence of head. 

Brachiopods is a Greek compound, signifying arm-footed, or 
animals whose members of prehension are also those of locomotion, 
figs, 18, 19, § 71. 

Bryozoa, from the Greek word Spvor, a mossy st a-weed, figs. 20 





to 23, § 73. 

Echinodermata is a Greek compound, signifying spiny-skinned, 
fig. 136. 

Polyparia is another Greek compound, signifying produced by 
polypes or corals, fig. 137. 

Foraminifera is a Latin compound, implying the existence of 
foramina, or openings in the partitions of the shells, figs. 100 
to 106. 

Amorphozoa is a Greek compound, signifying living things 
destitute of definite form, figs. 138, 189, 140. 
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THE PRE-ADAMITE EARTH. 


Infusoria is a Latin name, implying the existence of this class 
of animals in vegetable and other infusions, fig. 107. 

247. Since many of the names of the genera and species of 
animals and plants would be unintelligible to a large portion of 








our readers, whil 1 
patible with the objects ar 1 limits of the present tract, we shall 
generally adopt the expedient of giving a specific example of each 








Fig. 137.—Polypes of the genus Asteroides, Example of the class Polyparia. 


in a parenthesis after its technical name, In many cases, how- 


ever, even this mode of illustration is not possible, since none of 


the species or genera of certain orders are familiar objects, and in 
many cases those which we shall have to mention have ceased to 
36 





CLASSIFICATION OF ANIMALS, 
exist, so that no analogous example can be 
living classes. In. such cases we shall ende 
convenient, to accompany the 


found among the 
avour, as often as 
technical name with a figured 


Fig. 139. Fig, 140, 


Examples of Amorphozoa. 

Fig. 188.—Cliona Duvernoyi (fossil) Pig. 139.—Cribrospongia r 
; Z ibrospongia reticulata, 
Fig. 140.—A part magnified, xy a 





representation of some species of the object. In the preceding 
table we have accordingly given some familiar examples, and we 
now annex figured illustrations of those objects which may be 
supposed to be the least familiar to ordinary readers. The 
references to the figures are given in the table,* 

248. Geologists have ascertained the existence of the organic 
remains of about twenty-four thousand species of the different 
orders of animals, which they have assigned to upwards of 
fourteen hundred and seventy genera. Of these numerous 
species none survive; but we find in the existing animal king- 
dom about five hundred and fifty of the genera, the remainder 
being extinct. 

249, Until very recently, it was considered by geologists that 
those twenty-four thousand fossil species were distributed through 
the strata of the crust of the earth, in such a manner that the 
great majority of them should be common to strata of very 
different dates of deposition, and that comparatively few were 
exclusively found in strata of a particular date ; these few being 
consequently called characteristic species, inasmuch as they 
supplied to geologists certain tests, by which the dates of strata 
left uncertain from their mineralogical character could be fixed. 
The elaborate researches of M. D’Orbigny, who has catalogued, 

* We must warn the reader that he must not understand that the 
example given in the parenthesis is in every case an individual of the 
species, or even of the genus, of the object to be illustrated. It will be 
more generally a specimen of the class or order. This is the only expe- 
dient that I can devise to popularise this part of our subject. 37 
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asea and Radiata alone, have demonstrated that all 
found in strata of the same date, with extremely rare 
— exceptions, are characteristic of these strata, being found there 
exclusively, and in no other strata of anterior or posterior 
deposition; so that, instead of a few species only being cha- 
racteristic, it would appear that all the species are so, with 
exceptions so rare as to be altogether insignificant. 

Tt appears, therefore, that on the crust of the earth there is a 
sort of organic stratification, consisting of a series of superposed 
layers of animal remains, each of which contains a distinct 
collection of species, no two such layers having any species in 
common, save in very rare and exceptional cases, and that even 
these exceptions may be satisfactorily explained as arising from 
accidental causes. 

250. Since.twenty-nine such organic stages have been de- 
termined, it must be inferred that during the geological period 
corresponding to each of them, the earth was peopled by a 
collection of animals which had no previous or subsequent 
existence, and which constituted a distinct and independent 
ereation. ‘This inference is fully confirmed by the fact, that on 
comparing stage with stage, we do not find the successive faunas 
passing one into the other by slow and imperceptible degrees ; but, 
on the contrary, we find between those of every two successive 
stages, a distinct and unmistakeable line of separation. In the 
superior layers of each stage, the fauna peculiar to it totally dis- 
appears, as though it were annihilated by some universally 
destructive agency ; and it is not until we arrive at the lowest or 
first layer of the succeeding stage, that the next fauna appears 
not gradually and successively, but suddenly and simultaneously 
over the whole extent of the globe, so far as geological observation 
has extended, and everywhere, from the equator to the poles, the 
same species are found in it. 

251. Hereupon two questions necessarily arise: What are the 
physical causes which produced the total destruction of the fauna 
of the inferior stage, and the creation of that of the superior? To 
the former a satisfactory answer is obtained, as we shall presently 
show, by the geological convulsions, the devastating effects of 
which have been already frequently noticed in these pages, But 
when we seek the agency which twenty-nine times successively 
galled into existence a new animal kingdom to replace that which 

was previously destroyed, we are compelled to acknowledge the 
-Jimits of our intellectual powers, and to prostrate ourselves in reve- 
; ; that Omnipotence to whose agency alone these great 
tive acts can be assigned. There are limits which the human 
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252, When the temperature of the earth had cooled di 

point compatible with the maintenance of organised life, and j pees 
crust had thickened so as to give it comparative station ag 
permanence, it pleased the Omnipotent to call into existence the 
animal and vegetable kingdom, that continued to live upom the 
earth during the Cambrian period, and was destroyed by the — 
convulsion which closed that period, the remains of the species 
composing it being deposited in its strata. ; 
_ 253, After this complete destruction of animal and vegetable 
life a period of repose ensued, after which the same Almighty "3 
Power at the commencement of the second Paleozoic or Silurian a 
period, called into existence another and different animal king- 
dom ; different, at least, so far as regarded species, many of 
the genera being common to that of the previous period. The 
close of the Silurian period was signalised by a like catas- 
trophe, this second animal kingdom being similarly swept away 
and the earth again left unpeopled and destitute of vegetation, 
Another period of repose ensued, after which, atthe commence- 
ment of the third Palwozoic or Devonian period, a third animal and 
vegetable kingdom was called into existence, and continued upon 
the earth during the Devonian period, at the close of which, in 
like manner, another destruction ensued, followed by another 
creation at the commencement of the fourth Paleozoic or Carboni- 
ferous period, and so on destruction following destruction, and 
creation following creation, during all the succeeding periods to 
that which immediately preceded the human epoch. The latest 
or fifth Tertiary period terminated like the others in a convulsion j 
which swept from the earth all animal and vegetable life existing 
upon it, burying the remains in the highest layers of its crust. 
After a final period of repose, the present animal kingdom, in- — oa 
cluding the human raee, were called into existence, and the world Ses 
as we see it commenced. ee Fi 


must be admitted without any human power of explain 





The Palwozoic Age. setae 
254. The Palwozoie formation, whether it be examined in 
reference to its mineralogical strata or the organic remains depo- 
sited in it, is resolved into five distinct stages. The researches 
Murchison in England and Russia, those of M. D’Orbi 
South America, those of several eminent sid 
States, and the observations of M. de Verneuil i 


:~ wppermost the most westward. 


7J....-- hundreds of leagues, the lowest being absent. 


AS and in certain parts of Spain, or one only of 

















































he su of the Azoie rocks 
Palwozoie formation to the upper limit 
of the Carboniferous stage, delineated in 
# section by Sir R. Murchison, is shown in 
fig. 141, as it is presented on the surface of the 
earth in strata variously inclined. The five 
divisions into which the whole formation is 
resolved are denominated, proceeding from the 
lowest upwards, the Cambrian (sometimes 
called the Lower Silurian), the Silurian, the 
Devonian, the Carboniferous, and the Permian. 
255, In the geological map of England by 
Sir R. Murchison, the stages succeed each 
other regularly throughout Wales and the 
western parts of England, where they appear 
in’ some places in concordant, and in others in 
discordant, stratification. They are traced 
scarcely less distinctly in Germany. The same 
regular succession of five superposed stages 
is seen in Russia and in Sweden from west 
to east, and extending in the same order 
to Central Russia. Along the slopes of the 
Ural, the stages being tilted upwards, are 
found, as may be expected, in a contrary order, 
the lowest being the most eastward, and the 
M. D’Orbigny 
found the same regularity in South America. 
256. The complete distinction of the stages, 
and the geological evidence of the convulsions 
by which they were rendered separate and 
independent, are found in the fact that in some 
places particular stages are absent. Thus we 
see in the United States the three first stages 
only existing in concordant stratification for 














The same is observable in the department of 
Sarthe and the Manche in France, Elsewhere 
the Carboniferous and Devonian stages alone 
are found; as, for example, in the Pas de Calais, 






them, as in Norway, Sweden, Russia, France, 
and some other countries, 

te a aac view of the Palwozoic 
forma’ ts component stages, there is 
evidence, founded on the indications which 







and seas; that the continents were clothed with 
the seas were peopled by various marine tribes, some 
parts of great depth, some near the coasts, and others upon the _ 
shores between high and low water-mark ; and that even the 4 
crust of the earth was subject to the same gradual F i 
which are observed to exist at present in the north of Europe 
and in other parts of the globe. . 
258. The existence of a vegetable kingdom in each of the five 
Palwozoic periods is proved by the presence of coal in all the 
stages. That mineral is worked in Portugal in the Silurian 
stage. In Spain its richest mines are in the Devonian stage, 
and in Saxony it is worked in the Permian stage. These facts 
show, that though the coal-fields are by far most prevalent in 
the Carboniferous, the other Paleozoic stages furnish their share 
of that mineral to industry and tlie arts. 
_ Having thus taken a general view of the Paleozoic age, con- 
sidering its periods collectively, we shall now briefly notice the 
most remarkable circumstances attending these periods severally. 


FIRST PALMOZOIC PERIOD, 


259, The first Palwozoie stage includes the group of strata of 
which the Cambrian system of Sedgwick and the lower Silurian 
system of Murchison are composed. It appears from an exami- 
nation of the strata, more especially those observed in North and 
South America and Bohemia, that a considerable time must have 
elapsed between the epoch at which this stage began to be 
deposited on the subjacent Azoie rocks, and the commencement of 
the animalisation of the globe. Strata of immense thickness are 
everywhere found between the superior surface of the Azoic rocks 
and the first layers of organic remains, the formation of which, 
according to all the known laws of sedimentary deposits, must haye 
occupied a great lapse of time, That these were deposited from 
waters which had a temperature too elevated to allow of organic 
life, is in the highest degree probable; and it must be inferred 
that the creation of an animal and vegetable kingdom, or a fauna 
and flora, as they are called, was postponed until the temperature 
of the globe had fallen to a point not much aboye that of the 
present tropics. z 
260. During this first Paleozoic or Cambrian period the waters 
of the ocean covered all that part of Europe re Spain 
to the Ural mountains, as well as a great part of North and 
‘South America, The shores of these seas can aaa tai 

































‘shores within the 8 of the tides, hans to littoral regions more 
and others to the great depths of the ocean. 

- 961. The only Vertebrate animals of this period which have 
left their traces are some placoid fishes, which belong to the family 
of Cestracions, of which the shark presents a living example, Of 
articulated animals there lived a great number of Trilobites 
(fig. 6, § 62), an order which at a period a little later became 
extinct. The forms of life, however, which most abounded 
belonged to the Molluscous and Radiated divisions. Tentaculi- 
ferous cephalopods swarmed in the seas, the genera of some of 
which did not survive the period, and those of many disappeared 
before the close of the Palwozoic age. 

Molluscous brachiopods, marine gastropods, lamellibranchia 
(oyster and mussel), and bryozoa, existed in numbers more or 
less considerable. 

Of the Radiata there prevailed echinodermata, asteroids, and 
numerous crinoids, a great number of polyparia or zoophytes, and 
some amorphozoa. 

262. The remains of vegetation consist chiefly of some marine 
: plants peculiar to the State of New York, dese ribed and figured by 
es Mr. Hall. Coal of this epoch, which can only consist of vege table 
remains, is worked at Vallongo in Portugal. 

The remains of vegetation, as well as the visual organs of 
animals, show that light and air existed then as now. We have 
already noticed the structure of the eyes of Trilobites, and shown 
‘their analogy to those of insects and other Annulata. 

263. It is certain, that not only at this first period, but at all 
succeeding periods, until that which immediately preceded the 
present creation, the heat proceeding from the interior pre- 
dominated over the influence of solar radiation, in a sufficient 

to efface all isothermal lines, and to equalise the climate at 
all latitudes from the equator to the poles. Proofs of this will 
appear in the analysis of the fauna and flora of all the stages, 
since the same tropical genera and families will be found de- 
in the strata at the line and within the! polar circle, as 
Wes at all intermediate latitudes, 
264. In this first period no terrestrial animals existed, although 
Pras was clothed with a luxurious vegetation; at least no 
- yemains of such are found. The perishable nature of the insects, 
and many other Annulata, might have caused their disappearance ; 
‘but, notwithstanding this, traces of such tribes are found in later 
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deposits, and it is probable that if land Y, ; 
remains of them would be found, terry 


onan: seas, however, abounded with life, inel; 
o ¢ principal divisions, Vertebrata, Annulata, 
Radiata. ps 


In the following table we have given the sna 
: genera of the 
kingdom during this period, exclusive of the Annulata, m™ 
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267. Eighteen genera of Trilobites existed in the first Paleozoie 
period, of which seven never re-appeared in any future period, 
and are consequently characteristic of the Cambrian stage. Some 
individual examples of other Annulata have been found, one of 
the most remarkable of which is the Nereites Cambriensis, fig. 5, 
§ 36. The number of species of the Mollusca and Radiata 
exclusive of the other divisions, which are ascertained to have 
lived in this period, is 426, ‘These have been catalogued and 
deseribed by M. d’Orbigny.* 

268. The duration of this first world of animal and 
life may be estimated with some degree of approximation by 
the thickness of the deposits produced in its seas, which has 
been found in many places so much as 13000 feet. 

Its close is marked by the discordances of stratification which 

il between the Cambrian and the Silurian strata, and itis p1 

pable that the convulsion by which it was terminated, was 
which raised the Morbihan system of mountains of M. Elie de 
= (208). ; 


re * Prodrome de Paléontologie, vol. i, p. 1—26. 
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ceeded by an interval of tranquillity of greater or less duration ; after 
which, it pleased the Omnipotent, by a seoond great act of creation, 
to clothe the land with vegetation, and re-people the earth. 

270. In the following table we have given, as in the former 
case, a synopsis of the generic forms of this new creation. 
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As before, the only important traces of the Annulata of this 

which remain, are the Trilobites, of which nineteen genera 
ve been found. Of these, eleven are identical with genera which 
existed in the previous period, and eight are new. 

The Detaticver of Stes of Mollusca and Radiata which have 
been ascertained to have existed in this period is 418, which have 
been described and catalogued.* 

271. The only class of Vertebrates yet created were fishes, of 
which eight ‘genera existed in this period, all of the placoid 
family (shark), One of these had existed in the previous period, 
the other seven being new. . 

972. The remains of the vegetation consist of some genera of 
marin found in the state of New York, and figured by Mr. 

; re continents generally were covered with vegetation 
ed by the traces of coal found in this stage at St. Sauveur. 

s in the former period, the animal remains are analogous to 


* Prodrome, p. 27-35. 














THIRD PALROZOIC PEE 
those of the tropics at and were uniforml: 
over all latitudes to w geological observations 
extended, from the line to latitude 69°, from which it is 
that during this period the temperature of the earth was 
where tropical, and everywhere uniform, ef 

273. The outlines of land and water were not 
ferent from those of the first period. It is probable, 
that the seas retired from a portion of the central part of 
and advanced eastward, as well in Wales as in 
leaving in the west a larger portion of uncovered land, They 
extended, probably without interruption, from Europe to America, 
covered a great part of North and South America, as well as all 
that part of Europe which extended from Spain to the line of 
direction now oceupied by the Ural mountains, 

74, An examination of the Silurian strata has enabled 
M. Elie de Beaumont to trace an approximate sketch of the 
outlines of land and water in Western Europe, from which the 
map given in fig. 142 was drawn, 

It appears from this, that there existed at this time two granitic 
tracts, one between Brest and St. Malo, and the other between 
Brest and Poitiers; the former having the direction of the 
Finistére, and the latter of the Morbihan system, a neck of land 
connecting them having the direction of the Longmynd system. 
These probably, therefore, owed their elevation to the three con- 
vulsions which produced these ranges severally. Other tracts of 
land existed in Cornwall, in Scotland, and in Sweden, as shown 
in the map, having the direction of the systems of Finistére : and 
Longmynd. The granitic plateaux which include the Limousin 
and Auvergne were also then above the waters, and were con- 
nected with a much larger tract, extending from Toulon to 
Innspruck. ‘This second Palwozoie period appears to have been 
terminated by the effects of the geological disruption which 
produced the Hundsruck system of M, Elie de Beaumont (209), 
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THIRD PALHOZOIC PERIOD, 


x 
275, After an interval of tranquillity as before—the land bei 
divided from the waters—the earth et wepeariag with new tr 
and clothed with new vegetation, The strata deposited ¢ 
this third palwozoie period have been denominated by 
ison, Devonian, from the circumstance of their 
jn that county. The Large. mineralogical characteristic of the 
“Pevonian stage is the old re sandstone. ai” 
276. The animal world, now ealled into life, anata 
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Fe eile nerod tho vertabrate’eaimals wore ill Limited to Hishes 
but their number was considerably increased, ra acc . ry 
i in the preceding period, and of Pceilia 
only 8 — also signalised by the first appearance of reptiles, 
eae hoes , due genus only, called the Sawropterus, was 
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created, bei e marine animal. Among the Annulata some 

owe Aaa Annelidans appeared—so called from having 

lived in tubes. Among the crustacea as before, were some ae 

of Trilobites, but the period took its prominent character wae e 

vast ‘seumbees of cephalopods, gastropods, lamellibranchia, ra- 
crinoids, and polyparia, which swarmed in the — 

277. The total number of species of mollusca and radiata alone, 
which existed in this period, as ascertained by the “— 
remains deposited in the stage, was 1198. These have been 
catalogued ibed.* 

The Benes wads plants, the discovery of many of 
which is due to Mr. Hall, of the United States. The continents 
“a ere covered with a luxuriant vegetation, as appears from the 

h deposi sosits of coal found in the great basin of Sabero in Spain, 
pe long considered to haye belonged to the succeeding 
; whe uniformity of temperature over the whole surface of 
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the globe, is proved by the existence of the same a 
Vegetable remains in this stage, in all beste 
— have been extended, +, See a 
» +he configuration of land and water in eviod hes 
been determined on the principles already explained. ‘eee ; 
ruck system of Elie de Beaumont, directed W. 31°S., having 
raised up the Silurian stage, increased the i of the 
islands which existed in the previous period, created new ones, 
and gave to their coast its own prevailing direction, This 
appear by reference to the map (fig. 144) sketched by M, Elie de 
Beaumont, showing the probable outlines of land and sea im 
Western Europe in the Succeeding period. A tract of land arose 
above the waters on the west of Frankfort, and another on the 
5.W. of Strasbourg, which was united with the former continent, 
The central plateau of France was extended to the Pyrenees. 
The space included between the two islands of Brittany, which 
Previously existed, was now filled up, and being united with the 
land round Cherbourg formed one continuous tract, which was 
connected om the one side with the southern part of England, and 
on the other with the Limousin by Poitiers, The land constitut- 
ing the Scandinavian peninsula was also considerably increased, 
Upon several parts of this tract the Silurian deposits have never 
been since disturbed. ' 
279. The seas af this peried covered Asia Minor, ai 
Belgium, Germany, amd Russia, as far as the Ural chain. The 
land which now forms the shores of the Froven Ocean was also 
covered ty these sens. Im the east they extended from Asia 
Minor to China; im Sowth America they covered all the tropical 
regions of Pera, Bolivia, and Brazil, and probably extended as 
far as the Palkland islands, as is proved by the organic i 
found in all these regions, In North America they covered all 
the land which extends from Alabama to the state of New York. 
They also covered New Holland and Van Diemen’s Land. Thus 
it appears that the Devonian sea extended in the Southern Hemi- 
sphere to 52° of latitude, and in the northern to the polar circle. 


FOURTH PALROZOIC PERIOD. 


280. The conyulsion which terminated the previous period 
destroyed 59 generic animal forms, which never again reappeared — 
upon the earth, as well as 1198 species of Mollusea and Radiata, 
besides all the species of the other classes. After an interval of — 
tranquillity the earth was again repeopled, id once more clothed 
with rich vegetation, The new animal kingdom — 
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981, It appears that of former genera 9 were M vived, while 
71 new ones were created, making the total number of genera 
then existing on the earth 170. Besides these, however, there 
‘were at least 3 genera of Crustacea. This period was also 
signalised by the first unequivocal appearance of insects and 
Arachnida (scorpions) (fig. 145), the organic remains including 
besides Arachnida three orders of insects—the Coleoptera (beetles), 
the Orthoptera (crickets, locusts, grasshoppers), and the Neuro- 
ptera (dragon-flies). 

982, Exclusive of the remains of animals of the other divisions, 
the number of species of Mollusca and Radiata alone ascertained 
to exist in this period, is 1047, which have been catalogued and 
deseribed by M. D’Orbigny.” 


* Prodrome, p. 110—162. 
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Fig. 142.—Confi i i 
guration and relative extent of | i 
Europe during the Silurian bows yy oe 
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983, Tur convulsions which produced M. Elie de Beaumont’s 
system of the Ballons, pushed up ce rtain parts of the Devonian 
stage, modifying the outlines of land and water, and augmenting 
the extent of the land. The map (fig. 144) represents approxi- 
matively the seas and lakes of this period as they existed in 
Western Europe. 

984. Arborescent ferns, with their beautiful lace-like foliage ; 
slender Lepidodendrons, fig. 149 ; Lycopodiacess (elub-mosses), 
with leaves as varied and beautiful as the ferns ; and gigantic 
Sigillaria, emulating the magnitude of the Conifers, abounded, 

Assuredly no scenery upon the earth at present can convey an 
adequate idea of vegetation so luxuriant. Some of the moun- 
tainous regions of the torrid zone may convey a faint notion of it; 
but at the period to which we now refer, this magnificent flora 
covered the whole surface of the land from the tropies to Melville 
Island, now the regions of eternal frost. 

285. By a dispensation of Providence, which cannot fail to 
excite sentiments of admiration and gratitude, this luxuriant 
vegetation of a remote epoch of the earth, flourishing countless 

before the creation of the human race, was destined to 
become for that race one of the most powerful agents of industry 
and civilisation. Buried in the earth by a long series of geo- 
logical convulsions, it was submitted to the process of carbonisation, 
and converted into those vast beds of mineral combustible which 
now supply the materials out of which art and science have 
educed not only the means of artificial light and heat, but also a 

anical agent whose influence upon the condition of mankind 
is a. To these precious deposits of the carboniferous 
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Fig. 144.—Map of Werte Boren in the Carboniferous period, sketehed 
. Elie 


by de Beaumont.* 


of artificial heat, and all the wonders effected by the steam- 
engine are due, 

286. It is to the close of this fourth Paleozoic or Carboniferous 
period, and before the commencement of the Permian deposits, 


* This map is reproduced from the Geology of M, Bendant, with the 
permission of the author and publisher, a 
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283. Tur convulsions which produced M. Elie de Beaumont’s 
system of the Ballons, pushed up certain parts of the Devonian 
stage, modifying the outlines of land and water, and augmenting 
the extent of theland. The map (fig. 144) represents approxi- 
matively the seas and lakes of this period as they existed in 
Western Europe, 

284. Arborescent ferns, with their beautiful lace-like foliage ; 
slender Lepidodendrons, fig. 145; Lycopodiacem (club-mosses), 
with leaves as varied and beautiful as the ferns; and gigantic 
Sigillaria, emulating the magnitude of the Conifers, abounded. 

Assuredly no scenery upon the earth at present can convey an 
adequate idea of vegetation so luxuriant. Some of the moun- 
tainous regions of the torrid zone may convey a faint notion of it; 
but at the period to which we now refer, this magnificent flora 
covered the whole surface of the land from the tropics to Melville 
Island, now the regions of eternal frost. 

285. By a dispensation of Providence, which cannot fail to 
excite sentiments of admiration and gratitude, this luxuriant 
vegetation of a remote epoch of the earth, flourishing countless 
ages before the creation of the human race, was destined to 
become for that race one of the most powerful agents of industry 
and civilisation. Buried in the earth by a long series of geo- 
logical convulsions, it was submitted to the process of carbonisation, 
and converted into those vast beds of mineral combustible which 
name ens the materials out of which art and science have 
educed not only the means of artificial light and heat, but also a 
mechanical agent whose influence upon the condition of mankind 


: is incleulable, To these precious deposits of the carboniferous 
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Fig. 144.—Map of Western Bu in the Carboniferous period, sketehed 
by M. Elie de Beaumont.* 


of artificial heat, and all the wonders effected by the steam- 
engine are due. 

286. It is to the close of this fourth Paleozoic or Carboniferous 
period, and before the commencement of the Permian deposits, 


* This map is reproduced from the Geology of M. Beudant, with the 
permission of the author and — = 





Fig. 145.—Lepidodendron Sternbergii, 


eae M Bie de Beaumont assigns to the same epoch the convulsions 
which produced the system which he has designated that of the 


bas of England (211), the prevailing direction of which is 
Shs 2 








FIFTH PALROZOI PERIOD, 


N. 5° W., and 8. 5° E.” M. @Orbigay ‘assigns to ‘hi: game 
epoch the convulsion which produced tho Chi ae of 


mountains in Bolivian Peru; and to the disturbance produced by 
one or all of these simultaneous convulsions, may be ascribed the 


destruction of the whole animal and vegetable kingdom which 
closed this fourth Palwozoic period 


FIFTH PAL2OZOIC PERIOD, 


287. The strata which, in the regular series lie over the 
Carboniferous stage, have received the name of the Permian, 
from the Russian province of Perm, on the confines of Europe and 
Asia, which is traversed by the Ural mountains, this being the 
region in which the geological characteristics of this stage were 
first studied and determined by Sir R, Murchison, The com- 
ponent strata are commonly known to geologists as those of 
the magnesian limestone and new red sandstone, in contra- 
distinction to the old red sandstone of the third Paleozoic or 
Devonian stage. That this stage has been separated from the 
carboniferous by a geological convulsion is rendered manifest by 
the discordance of the stratification in some places, and by the 
isolation of the stages in others, the Permian stage being found 
in some places without the Carboniferous under it, showing that 
it was there deposited in parts of the earth’s surface which were 
dry land during the Carboniferous period. 

288. The convulsion which terminated the Carboniferous period 
buried beneath its ruins nearly a hundred genera which never 
again appeared. Of the Mollusca and Radiata alone, exclusive 
of the other classes, 1047 species were destroyed by this catas- 
trophe. All the vast forests which covered the extensive tracts 
of land were similarly buried, and form, as already explained, the 
coal-fields now found in the Carboniferous strata. This eatas- 
trophe was probably followed, as in the former case, by a period 
of tranquillity, during which a suspension of all animal and 
vegetable life took place. The seas, meanwhile, returning into 
their beds, the land was again divided from the waters, and the 
outlines of the new continents and 2g peo defined, The 
earth being thus gradually prepared, Omnipotence once more 
exerted ita ereative power, re-peopled the world, and clothed the 
land with vegetation. , 

289, The naa animal kingdom, as far as its remains inform us, 
consisted of eleven new, and forty-five revived genera, making a 
total of fifty-six. Two of these belonged to the class of reptiles, 
twelve to that of fishes, and the remaind ler to the inferio r 
divisions of the animal kingdom, as shown in the ee 
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290. The seas during this period covered most probably the 
space occupied by the chain of the Vosges mountains in Europe, 
extending in a direction nearly N.N.E., through Rhenish 
g Bayaria and the Grand Duchy of Baden, into Saxony and 
___ Bilesia. The identity of the species of organic remains found in 
‘these deposits in Silesia, England, and Russia, proves that the 
__ seas of this period which covered the central part of England, 

from Glamorganshire to Durham, communicated with those of 
wy Russia, where they extended in the direction N.N.W. between 

ae the Ural chain and Novogorod, from the 48° of latitude to the 
Frozen Ocean. 

They also covered Tasmania, in the Southern Ocean; and pro- 
bably, therefore, extended over the entire surface of the earth 
from the 43° of south to the 80° of north latitude. 

In the western part of continental Europe the outlines of 
land and water did not undergo any remarkable change. The 
great central plateau of France formed a large island, which 
extended to the south as far as the Pyrenees, as is indicated by the 

terrestrial plants now found in the deposits of Lodéye, in the 
of Herault, in France. ‘The remainder of continental 
pe consisted chiefly of a tract of land in Brittany. In 

oom he of Devonshire and Wales, which were 
raised above the level of the ocean, a vast island was 
extending N. 5° W. and 8. 5° E., consisting of land forced 




















 ptancece ene 


RETROSPECT OP PALROZ0I0 AGE, 


above the Carboniferous seas, and surrounded east and ' 


the waters of the Permian seas, i Matnogemsdenaer 

291, The Ural chain was also further heayed upwards, so as 
to form the series of mountains which now exist, In South 
America the continents were also considerably increased in extent 
in the west. The Chiquitean chain extended over some hundred 
leagues, from Brazil to the eastern extremity of the Andes, 
South America appears then to have had the form of a vast tri- 
angle, the length of which, from north to south, extended oyer 
35° of latitude. 

While the land underwent but little change in France, it was 
enlarged both in England and Russia, towards the east, by a 
considerable portion of the Carboniferous stage not covered by 
the waters of the Permian sea. 

292. The fauna of this period were almost exclusively marine, 
a few, perhaps, being fluviatile. The two genera of reptiles were 
both fluviatile and marine. The fishes belonged to the Placoid 
and Ganoid families, of which the shark and sturgeon are living 
examples. Among the Mollusca, certain species of oysters first 
appeared in this period, 

293. Although the organic remains present no traces of land 
animals, it is nevertheless probable that they prevailed upon the 
continents at least as extensively as in the previous period. 
M. Brongniart considers the vegetable fossils of this period to hold 
an intermediate place between those of the previous and suceeed- 
ing periods. The marine fauna found in the Old and New World 
from the line to the 80° of latitude being identical in its character, 
demonstrates that central heat still neutralised the effects of solar 
radiation, so as to efface all isothermal lines, and that over the 
entire globe a tropical climate prevailed. J 

294. This period, like the others, was tormented by geological 
convulsions, of which the traces are found in the discordance of 
the stratification and the increased elevation of the immense 
surface constituting the Permian formation in Russia, in ‘the 
dislocation which produced the Netherland range of mountains: 
and those of South Wales. The effects of these geological pertur- 
bations are altogether in accordance with the superior limits of 
the fauna and flora of the Permian stage. ray 


RETROSPECT AND RECAPITULATION OF THE PATLBOZOIC AGE. _ 


295, With the Permian period was closed the Palwozoie age. The 
first assemblage of animated beings which peopled the earth in- 


cluded types of all the principal divisions of animal forms, but those - 


of the lowest class most abounded. Thus, three peumueet 7 ie 



































successively to live, and were destroyed suec before any 

Seesdi Mica CAiainly vepdee Ws Stas Maina, and even these were 
limited to the Placoid and Ganoid orders, No land animals had yet 
appeared. Reptiles made their first appearance in the fourth 
period, where they were represented, however, only by a single 
genus; and even in the fifth and last period, no more than two 
genera existed, one of which had been revived from the preceding 
‘period. During the entire age, not more than sixty-seven 
of fishes existed, and two of reptiles. Of the superior 
orders of birds and mammifers none were yet created. 

296. The animal forms which most abounded were those of 
Tentaculiferous Cephalopods, Marine Gastropods, and Lamelli- 
branchia, Brachiopods, Bryozoa, Echinodermata, and Polyparia, 
commonly known as zoophytes. Of the divisions of Annulata in 
this age but little is known, owing, no doubt, to the perishable 
nature of their structure. One family, however, of Crustacea, 
Trilobites, appeared during the first and succeeding periods in 
‘such numbers, as to confer upon the epochs a distinct organic 
Character. These fossils have been long known in England under 
the local and erroneous name of Dudley insects or locusts, from 
their having been found in that district in such immense numbers. 
This remarkable family of Crustaceans did not survive the fourth 
Palmozoic or Carboniferous period, their principal development 
being in the Silurian and Devonian periods, which literally teemed 
with them. These crustaceans have no existing type, that which 
most resembles them being the Bopyrus, a small parasitical 
animal which attaches itself to the prawn, causing a large swelling 

297. The fossil trilobites are generally from one to six inches 
in length, attaining, nevertheless, in exceptional cases to two 
feet. They were protected by a crustaceous shell or case, com- 
‘posed of annular segments, jointed one upon the other like those 
of the lobster’s tail. This testaceous covering seems to have had 
a contractile power like that of the armadillo, since the animal is 
‘sometimes found more or less expanded, and sometimes coiled up. 

Owing to the absence of all traces of antenne or feet, it is sup- 
posed that these animals adhered to rocks like fuci, or collected 
together in masses, forming conglomerations. Some naturalists, 
however, assume that they had locomotive power in water, either 
by soft paddles which have disappeared, or by skulling forward 
by means of the flexible extremity of their bodies, From the 
14 structure of the mouth it has been inferred that they 
‘were carnivorous, preying on naked mollusca or annulata, with 
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RETROSPECT OF PALHOZOIC AGE. 


The curious and interesting structure of the eyes of 

= been already noticed (62), ee saree 

8, The most striking and imposing feature of the ( 
Carboniferous period of the diadiaaae ccusstats rae 
accumulations of vegetable remains which are presented in the 
coal deposits in all parts of the world, As the science of Com- 
parative Anatomy has enabled the geologist to reproduce the forms 
and determine the habits and functions of the animal tribes 
which peopled the earth at these remote periods—in like manner 
the principles of Botanical Science have enabled him, basing his 
conclusion upon the visible structure of vegetable remains found 
in the coal beds, to reproduce, as it were, the vast forests of 
palms and arborescent ferns, the groves of conifers, and all the 
exuberant vegetation which flourished during the second, third, 
and fourth Palwozoic periods. 

299, The layers of pure coal consist altogether of carbonised 
vegetables ; and when it is considered that these strata are some- 
times sixty feet in thickness, it seems difficult to explain how an 
accumulation of wood, plants, and foliage could ever be produced 
in such enormous quantity, Though the vegetable remains are 
always in a carbonised state, the leaves often possess such tenacity 
as to be separable from the stone. These and the seed-vessels 
which are found in iron-stone, have in many cases undergone 
metallic impregnation, which has in no degree impaired the 
delicacy of their structure. The coal plants have been deter- 
mined to the number of nearly a thousand species, two-thirds of 
which are related to the ferns and the higher tribes of Crypto- 
gamia, the remainder consisting of conifers and some flowering 
monocotyledonous (having only one seed lobe), and dicotyledonous 
(having two seed lobes) trees; numerous species, however, are 
still undescribed, and new forms are continually discovered, 

300. More than two hundred species of plants have been dis- 
covered in the British coal-mines, but far greater numbers are 
found in the Carboniferous deposits of Europe, America, Australia, 
and even Greenland ; and it is worthy of note, that in the coal- 
field on the shores of Lake Breton, fossil plants have been dis- 
covered identical with those found in the coal-mines of Northum- u 
berland, though these deposits have been made in opposite sides 
of the earth. i be 

301, The prominent charaeter of the vegetable kingdom during 
the Carboniferous period was the immense predominance of the 
vascular and higher tribes of Cryptogamic plants, with which 
were associated in a much less number, palms, Mery mcg 
and other plants approaching to the character of Cat ne 
Euphorbiacee. Plants analogous to the tribes a 
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- the equisetum or mare’s-tail, are found, which measure eighteen 

inches in circumference and thirty or forty feet in height, while 
the recent anal species seldom exceed an inch in diameter 
and two feet in height. The fossil arborescent ferns called 
Sigillaria, measure sometimes fifty feet in height, having their 
summits covered with a splendid canopy of foliage. The foliage 
of the herbaceous species is extremely elegant, presenting endless 
yarieties in their forms and in the skeletons of their leaves. The 
fossil arborescent club-mosses, called Lepidodendra (from a Greek 
wompound signifying scaly tree), attain frequently an elevation of 
from sixty to seventy feet. Some of these trees have been found 
entire from their roots to their topmost branches. Their foliage 
consisted of simple linear leaves, spirally arranged round the 
stem. ‘These leaves, in many eases, had been shed from the tree, 
the marks of their points of attachment never having been 
obliterated. In their external forms, the mode of ramification 
and the disposition of their foliage, they closely resemble the 
existing Lycopodiacew, or club-mosses. Notwithstanding the 
enormous disparity of magnitude between these latter and the 
fossil Lepidodendra, Brongniart has shown that both belong to 
the same family. The fossils were in fact nothing more than 
arborescent Lycopodiacew, analogous in magnitude to the largest 
existing pines, and forming extensive forests during the Car- 
boniferous period, beneath whose shade flourished the lesser 
ferns and associated plants now found with them in the same 
coal strata. 

$02, The contrast which such a flora presents with that 
afforded by the woods and forests which now grow on the sur- 
face of the carboniferous districts of England is as striking as the 
discrepancy between the zoology of the Paleozoic formation and 
that of the present day. 

803. Among the Radiata of the Carboniferous period are enor- 
mous quantities of corals denominated, according to their several 
forms, tubipora, syringopora, catanepora, &c. Of the Echino- 
dermata, crinoids swarmed in such infinite numbers that entire 
strata are composed of their petrified remains. ‘These species 
haye also received names indicative of their forms, such as 
actinocrinus, cyathocrinus, and so on. 

Among the shells of the Carboniferous period are found innu- 
merable Foraminifera, which are detected in slices of Yorkshire 
limestone with the microscope. The upper strata of the moun- 
_ tain limestone of the lower Volga in Russia consist of masses of a 
a: — of fusulina, resembling grains of wheat, Entire 
z » Sh 
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beds of mountain limestone or conglomerates are of 
of Brachiopods, such as spirifers, leptenm, &e. aie 

304. The Crustacea and Insects of the Carboniferous period 
have been less accurately ascertained than the other divisions of 
the animal kingdom. A few species of the fluviatile ; 
the Cyprides, are found in the coal deposits. Small crustaceans 
are also found in the iron-stone, which are referable to the 
limulus or king-crab, a genus which abounds in the seas of India 
and America. Dr. Mantell found in the iron-stone of Colebrook 
Dale several fossil beetles resembling the curculio or diamond 
beetle; he also discovered the wing of a large neuropterous insect 
closely resembling a species of the living Corydalis of Carolina, 

305, With the insects imbedded in the coal strata are found the 
remains of those animals, to which they served as food. The fossil 
scorpion (fig. 143) already mentioned is an example of this, This. 
fossil, which measures about two and a half inches in length, is. 
embedded in coal-shale, with leaves and fruit; the legs, claws, 
jaws and teeth, skin, hair, and even a portion of the trachea, or 
breathing apparatus, are severally preserved. It had twelve 
eyes, the sockets of which remain, One of the small eyes and 
the left large eye retain their forms, and have the cornea or 
outer skin preserved in a corrugated or shrivelled state. The 
hairy covering of the animal is also preserved, being neither ear- 
bonised nor decomposed; the substance of which it consists, 
electrine, has resisted decomposition and mineralisation, 

306, Among the fishes which lived during the Carboniferous 
period, and which, as already stated, are exelusively of the 
Placoid and Ganoid families, some genera are worthy of note. 

Of the Sauroid fishes, two genera, one called the Megalichthys, 
is covered with enamelled smooth quadrangular scales, very 
thick, and nearly an inch wide. The head is protected by strong 
armour of enamelled plates. The teeth are large striated hollow 
cones. ‘This fish was from three to four feet in length. 

Another called the Holoptychius, attained in some instances the 
length of thirty feet. The scales were thin and cireular, varying 
from one to five inches in diameter. The head is surrounded 
with a sort of shagreen helmet, having a surface irregularly 
ridged. It has large teeth of great density, some conical and 
others long and slender. i 

307. M. Agassiz has discovered about a hundred species of fossil 
fishes of the Devonian and third Paleozoic period, of whieh the 
most remarkable are the Cephalaspis, Pterichthys, and Coccosteus. 

The Cephalaspis—a Greek compound, signifying buckler-head— 
received its name from the head being protected by a buekler or 
shield. The plates which cover it are nalene ea 






















memardands wens! with scales, those of the head being 
e Pterichthys takes its name from two wings or lateral 
a lages, which, like the spines of the common bull-head, 
‘were weapons of defence. The head and fore part of the body 
are protected by large angular escutcheous—two eyes are placed 
in front of the lateral spines. The species of these which ocour 
in the British strata are from eight to ten inches in length, but 
specimens of still greater length were found in Russia by Sir h. 
Murchison. 


Triassic Age. 


308, Above the Palwozoic formation a group of strata has been 
ited, called the Triassic formation (47), consisting of the new 
red sandstone, muschelkalk, and variegated marls, or marnes 
of the French. This formation has been generally con- 
‘sidered as consisting of three stages. A scrupulous analysis of 
‘its composition, as well with relation to its fossils as to the eondi- 
tions of its stratification, shows that, between the sandstone and the 
muschelkalk, there is no real distinction either geological or zoolo- 
gical, We shall, therefure, here, following D’Orbigny, consider the 
Triassic formation as consisting of two stages only; the first, or 
lower, called the Conchiferous; and the second, or upper, the 
Saliferous, from the prevalence of salt-mines in it; such, for ex- 
ample, as those of Salins, Lons-le-Saulnier, and Salzbourg. 

309. The configuration of the land in this, as in the former age, 
is traced by observing the outlines of the strata, and the distine- 
tion of their organic remains. The convulsion which elevated the 
system of the Rhine (213) produced a general deluge, which de- 
vastated the earth, destroying altogether the vegetation which 
clothed it, and the races which peopled it in the last period of the 
preceding age. When the seas had retired to their new beds, and 
tranquillity was re-established, the outlines of land and water were 
defined. A great island seems then to have extended from the 
west of England across France to Austria, including Brittany, the 
Limousin, and Forez, throwing out two peninsulas, one towards the 
Pyrenees, and the other across the province of Burgundy (fig. 146). 

Another island coincided in position with Belgium, throwing 
out a peninsula to the south, which extended over the Vosges and 
the Grand Duchy of Baden, its direction being parallel to the 

of the Black Forest. The land previously uncovered in 
Fngland, extending from Cornwall through Wales to Cumberland 
was probably increased by a large surface, extending from Derby- 
‘shire to Durham. With these exceptions, the land seems to have 
remained generally as it was in the Carboniferous and Permian 
60 


ee 


FIRST TRIASSIC PERIOD. 


periods, Since the Permian stage in Russia is not overlaid by the 
Triassic, it follows that the Swedo-Russian continent, at the eom- 
mencement of the Tri- ; 
assic age, extended over 
all northern’ Russia, 
from the Baltic to the 
Ural Mountains, and 
from the shores of the 
Frozen Ocean to the 
government of Saratov. 
310. A great change 
was produced in the 
character of the vege- 
tation compared with 
that of the former pe- 
riods. The arborescent 
ferns and tall equise- 
tacean trees which pre- 
vailed in such lavish 
profusion in the latter 
periods of the Palwozoic 
age, now existed in greatly diminished numbers, while the eonifers 
and plants, analogous to the zamias and the cyeadem, figs. 147, 148, 
formed an important feature of the flora, preluding the immense de- 
velopment which these classes underwent in the succeeding periods. 





Fig. 146.—Map of France in the Triassic age. 


FIRST TRIASSIC PERIOD. 


311, By the catastrophe which terminated the Palwozoie age, 
ninety-one species of Mollusca and Radiata, besides all the 
existing species of the superior classes, were destroyed, never to 
re-appear upon the earth. Seventeen generic forms also became 
extinct. When tranquillity was re-established, and land and 
water again became fitted for the maintenance of organised life, 
Almighty Power called into existence thirty-six new generic animal 
forms, and revived thirty-three, which formerly lived, making a 
total number of sixty-nine genera in the new animal kingdom. 
Independently of the species of the higher classes of animals, not 
so exactly ascertained, the genera of Mollusea and Radiata alone 
consisted of 107 species, * which have been catalogued and described. 

The marine littoral and fluyiatile deposits have supplied the 
means of tracing the shores of the seas of this period, and prove 
them to have been subject to the same atmospheric and tidal 
influences as those which affect the seas and oceans of the present 


* © Prodrome d’Orbigny,” vol. i, pp. 171—178. aa 















epoch, Among the remains of this period are eleven genera of 
- saurian reptiles, of most singular forms, among which are in- 
eluded the Labyrinthodon, the restoration of which by Professor 
Owen is given in fig. 109, 
$12. Chelonian reptiles (tortoises) now appeared for the first 
time, together with six new genera of Ganoid fishes. Crustaceous 
decapods, as well as acetabuliferous cephalopods (fig. 149), also 





Fig. 149.—Ceratites nodosus (Possil 


appeared for the first time, besides numerous lamellibranchia 
and echinoderms, 

The Chelonians of this period are only known by the traces of 
their footsteps, which remain upon the rocks, figs. 108, 150. 





Fig. 150.—Foot-print of the Chirotherium, a chelonian, or tortoise 


313. Numerous birds probably existed in this period ; but, like 
62 
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the chelonians, they have only left traces of their foot-prints (fig. 
110), In fig. 151, are the imprints of the three fore phalanges of a 





Fig. 151.—Foot-prints and marks of Rain-drops. 


bird, accompanied by the curious incidental impressions of rain- 
drops which happened to fall at the moment the bird passed the spot. 
314. Synopsis of the Animal Kingdom (exclusive of the Annulata) 


during the First Triassic Period. 














GENERA. | 
Total. | Created. | Revived. Extinet. | — 
iiecsiat tien] anmelden \— eons 
& 2 {Mammifers . . 0 | 0 / 0 / 0 
Se} Birds... ? | ? t b 
fig] Reptiles . . . “u | 13 1 10 
>| Fishes... . 18 | 6 7 7 
4 {Cephalopods. . & 2 1 0 
& | Gastropods . . 9 | 3 | 7 0 
© { Lamellibranchia Ty | 5 12 0 
2 | Brachiopods. . 8 } a | 3 | a 
s (Bryozoa . . . 2 } 1 1 1 
Daal se } 

4 ( Echinodermata . 6 j 5 | 1 2 
< | Polyparia. . . 1 | 2 | 0 0 
& | Foraminifera . 0 | 0 | 6° 4 0 
Pe Amorphozoa, . 1 | 1 gin 0 
69 16 a3 20 
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he SECOND TRIASSIC PERIOD. 


315. The mineral character of this stage has been variously 
denominated, red marl, keuper sandstone, and variegated marls. 

The effects of the perturbation which closed the Conchiferous 

eriod are visible in the discordances of stratification, as well as 
by the marked distinction between the fauna and flora. 

The termination of the Conchiferous period was marked by the 
destruction of all the existing species, animal and vegetable, of 
which there were 107 species of Mollusca and Radiata alone. 
With that period twenty genera ceased to exist (314). The 
next act of creation was signalis« d by the appearance of thirty- 
five new generic forms, and the revival of fifty-nine, w hich pre- 
viously existed. 

316. The outlines of land and water continued to be nearly 
the same, but the seas were peopled with tribes different from 
those of the preceding period. Three new genera of reptiles, all 
of which were probably fluviatile, appear: d. The seas possessed 
two new genera of fishes and ammonites, and various other 
Mollusca were now first called into existence, giving a special 
character to the new fauna, which, with that of the first Triassic 
period, seems to constitute a transition system from the Palwozoic 
to the Jurassic age. 

No remains of the terrestrial animals of this period have been 
found; but the land was certainly clothed with a luxuriant 
vegetation, of which numerous species have been preserved, as 
already mentioned, figs. 146, 147. 





$17. Synopsis of the Animal Kingdom (exclusive of the Annulata) 
during the Second Triassic Period. 























: | GENERA. 
| Total. Created. | Revived. Extinct. Charac- 
| | | teristic. 
} s ay ae : ane ees ee 
aa (Mammifers . -| 0 0 0 0 0 
Se )Birds . . - -| 0 0 | 0 0 0 
i & | Reptiles | 4 3 1 4 r 
> & (Fishes . | 6 et} hh 1 0 
) } 
| 4 { Cephalopods . | 8 1 | 7 5 0 
% | Gustropods . . 20 4 | 16 2 0 
© J Lamellibranchia 22 Reet ah as) i 0 
3 | Brachiopods . 7 o | 7 4 0 
& |Bryozoa . . «| 1 0 al ¥ 0 0 
oe ie a ee Bia tak 0 
© | Polyparia - 12 | ll 1 j 2 3 | 
t ry Foraminifera 0 | i) 0 | 0 0 
Pes Amorphozoa. . 19924 7 8 1 / —— 
oa | 3 | i 
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Fig. 147,—Zamia pungens. 


Fig. 148.—Cycas revoluta, 


THE PRE-ADAMITE EARTH. 


CHAPTER V. 


$18. Convulsion which closed the age. Jurassic Age.—319. Division 
of Jurassic formations into ten stages by M. D’Orbigny.—320. Nomen- 
clature and thickness of the stages. —321. Section of the strata from 
the Vosges towards Paris,—822. State of the earth in the Jurassic 
age.—823. Jurassic age zoologically distinguished from the Triassic. 
_-24, Distribution of the species into ten stages.—325. General 
inference respecting the distribution of specific forms. —3826. Geography 
of Europe in Jurassic age—D’Orbigny’s map.—827. The Anglo- 
Parisian basin. —828. The Pyrenean basin, —329. The Mediterranean 
basin, 330, Variation of the shores of these seas from period to 
period. —381. Discordances and isolation of the strata.—332. Cor- 
responding observations on the organic deposits—333. Variations of 
the outlines of land during this age.—334. Change of condition of 
land between Toulon and Innspruck.—835. Accurate knowledge of the 
Jurassic geography.—336, Elie de Beaumont’s Jurassic map,—387. 
Ichthyosaurus, Plesioswurus, and Pterodactyle.—338, Other animals 
of the Jurassic age.—839. Coral reefs. —340. Insects. —341, The 
vegetable kingdom. First Jurassic Perron, 342. Convulsion that 
closed the Triassic age.—343, First Jurassic stage determined by 
discordances and isolation of stratification.—344, Extent of the seas 
in Western Europe—remarkable discordances of stratification on the 
Alps.—845, Synopsis of the animal kingdom.—846. Reptiles, fishes 
and insects. —347. Convulsion which closed the period. SxoonD 
Junassio Pertop, 3848. Mineral character of this stage. —349. 
Synopsis of animal kingdom.—350. Marine fauna,—351, No traces 
of terrestrial fauna,—352. Vegetation of the period. 
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= is identified with the convul- 
, poland ascribes the elevation of the 
rwald system of mountains, including the Bochmerwatd 
and the Morven ranges, the prevailing direction 


es i i e same date 
_40°S. M. D’Orbigny assigns to th 
Side ¢ say a! elevation of all the eastern part of the 


‘tour ; he between the 5° and 20° lat. 8., and having the 
direction W. 50° N. and E. 50°8. By combining with these dis- 
locations the numerous discordances of stratification which ~ 
observed, we shall find causes abundantly adequate to exp . 
sation ofthe fla. and sudden CrP ene retin of fh 
fauna of the Triassic age, to give place e 

succeeding one. 





The Jurassic Age. 


riassic formation the Jurassic has been depo- 

ga phen the result of the next geological age. oe 
divisions of the strata composing this great formation have ~ 
, some based upon the saya evan raged 

i ever, in general, from observatio J 
eat net hare from an rfect gene ralisation of prevailing 
fossils, We shall here adopt the analysis of this formation pro- 
3 posed by M. D’Orbigny. * After many years of laborious = 
vation,” says that eminent palwontologist, “ during which we have 
Be: only advanced from confirmation to confirmation, without encoun- 
: tering any inconsistent facts, we have arrived at the — 
thatthe Jurassic formation consists of ten stages, or superpo 
. gores, limited and defined by their several fauna as distinctly as 
4 by their stratigraphical characters. In tracing them one after the 
A other around various geological basins, we have ascertained that 
they are nowhere confounded, and that they represent clearly ten 
distinct epochs, one succeeding another in a constant and regular 
order. We have ascertained that the same succession takes place 
inthe same order at all parts of the earth which have or 
mitted to exact observation, and that they are therefore the indi- 
cations of the series of great geological phenomena which have 
manifested during the Jurassic age. 

au M. D’Orbigny has given to these ten stages names taken 
chiefly from the places, where their mineralogical characters have 
been most developed and observed. To avoid encumbering the 
- yeader with a nomenclature so complex, we shall here designate 


according to their order of sw ion, or what is 
Be voctegpaitin, tegieaing rid te Iowetndst 


te ties _ * D’Orbigay, Paléontologie, vol. ii. p. 419. 
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or earliest, and proceeding upwards to the uppermost or latest, 
It may, nevertheless, be useful to indicate the names given to 
them in the works of M. D’Orbigny and other French 

annexing the estimated average thickness of the . de! 
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Btage. Name. Origin. 7 

—— pi 4 

7 Port i . Pon a c j J 

IX. Kimsheridelan i hemes Fey Poa Py ; | ro | 

VIII. | Coralline . .|Coralrag . : | 1000 | 

VII. | Oxfordian . | Oxford clay . | 600 “4 

VI. | Callovian . .|Kelloway'srock .  . . .| 600 | 

1 A Bathonian - | Bath oolite a 4 m Pa 200 “| 

IV. Bajocian . .| Bayeux . sehen 200 | 

Ill. Toareian . - Thouars . . - P + | 500 | 

IL. Liasian «| Lins : 500 

I. Sinemurian . Semur 1000 ) 

Total thickness . 5100 | 

| 

These approximate estimates of mean thickness are much below 

the real measures on the slopes of the Alps, the western declivity 

of the Vosges, and through all the series from Avallon to | 

Tonnerre. . | 
321. In fig. 152 is presented a section of the Triassic and 
Jurassic formations extending from the Vosges to Sommevoire 
(Haute Marne), directed towards Paris,* where the series of strata 
is complete, the successive stages of each formation being marked 

with the Roman numerals. | 

322, From an elaborate examination of the strata composing / 

these ten stages in various countries and in different parts of the S| 


globe, it appears, that during the Jurassic age, the earth was 
subject to all the physical vicissitudes which are at present inci- | 
dental to it. During each of the ten periods there were conti- 
nents and oceans, As at present, peculiar classes of marine 
animals inhabited the coasts, the deeper littoral parts, and the 
still greater depths of the ocean, Then, as now, there were sub- ca 
marine currents, waveworn shores, sheltered gulfs and tranquil = 
bays. ‘The condition of the strata proves that during this age slow 
undulations of the crust, such as those which are now manifested 
in the Scandinavian peninsula (118), were frequent. This is espe- 
cially manifested by the state of the strata composing the 3rd, 
4th, 5th, 6th, and 7th stages, at Chaudon, in the department of 
the ars Alpes in France. s Nace ae 

323. The Jurassic age is distinguished zoologieally from the 
Triassic age by the absence of forty-two genera, which became 


* For the continuation of this seotion:to Paris, see § 396 and § 456!” 
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Mamroifrs (SO) « eL a waite baptize 3 
nas. | 
mag tlt cs 2 a 
tw 3 sll 
Crustacea « . * 2 +4 
Insects. P . A 1 4 
Mollusea and Radiata . 7 os | 
82 | 


During this age nearly 300 new generic forms were called into 
existence, of which about 180 did not survive the age. This 
fauna consisted of about 4000 species, which were distributed | 
among the ten periods, so that, save in very exceptional cases, no as 
species are common to any two periods, Each period, therefore, a 
had its own peculiar and characteristic animal kingdom. | 

324. To illustrate this remarkable principle, which seems to 
have been adhered to in all the operations of creative power from 
the first animalisation of the globe to the present period, we here 
subjoin a tabular synopsis, showing the number of species | 
Mollusca and Radiata found in each of the ten stages, and also th 
number common to two or more stages, 
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Montigny ay: Species common 
Stages. | to two or three | pe Totals, | 
Dammartin : stages. / : 
ay ai | ats 174 " 
7} 1 800 | 30 
| 0. | 0 288 sae j 
yy. | uw 338 | 546 ] 
| vi | 26 255 281 
vi. | 87 702 739 
Vulr. | 27 | 628 655 
i ox. 16 / 188 199 
» 3 ST 60 


) 129 8717 3846 
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But in the second column the same species is —— 
repeated. Allowing for this, the total number of species 
are found in more than one stage is only 56, or about 1) per cent. 
of the entire number, a proportion which is altogether insig- 
nificant, and which cannot be considered as impairing the general 
law that each period had its own specific fauna. : 

325. From a general analysis of the facts, the following con~ 
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which existed severally during the ten periods of the Jurassic 
age, their remains being deposited in the ten superposed stages 


which compose the Jurassic formation. 

3rd. That each period, therefore, had its own special fauna, 
having nothing in common with the preceding or succeeding 
period. 

4th. That the species which, owing to accidental causes or 
erroneous designations, have been found in two or more stages, 
the number of which has been greatly overrated, do not in 
reality exceed 1} per cent. of the total number of species dis- 
covered.” 

$26. The geography of Europe in the Jurassic age has. been 
traced and mapped with considerable precision by Messrs. Elie de 
Beaumont and D’Orbigny. The Jurassic formation, which has 
been well observed, and its limits deter 
and configuration of the seas, and consequently the outlines of 
the land. The Jurassic seas in Western Europe formed three 
principal basins, extending over certain parts of France and the 
eastern and southern parts of England. The forn 








1, shows the ‘extent 


nd limits of 





these are shown on the map (fig. 153), drawn by M. D’Orbigny, 
here reproduced with the permission of the author and publisher, 
which does not differ in any essential points from that of M. Eli 
de Beaumont (fig. 154), as will presently apy 

$27. The Anglo-Parisian basin covering the north-west of 


France and the eastern division of England, was limited in 
England by a line directed N.N.E. from Somersetshire to Durham, 
passing therefore through the counties of Gloucester, Worcester, 
Stafford, Derby, and York; all that part of England to the east 
of this line being then covered by the sea. 

On the other side of the Channel, the western shores of this 
basin passed across Normandy from St. Lo southwards to Angers 
on the Loire. It skirted the northern limit of the central plateau 
from Angouléme to Autun. On the north its shores were directed 
from Calais by Arras to Metz and Verdun, where they turned 
southwardsto Chaumont. This basin communicated with the other 
two by two straits, one of which extended from La Rochelle to the 
eastern part of Angouléme, marked in the map as the Breton 
Strait, and the other from Chaumont to Autun, marked as the 
Belgi-Vosgian Strait. All that part of the channel east of Devon- 
shire constituted part of this Anglo-Parisian basin or sea. The 
entire province of Brittany in France was at this epoch dry land. 

328. The Pyrenean basin was limited on the north by the 
Breton Strait, and on the north-east by the central plateau, 


* D’Orbigny, Paleontologie, vol. ii. p. 426. 
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Fig. 153.*—Map showing the outlines of land and water in Western Europe in 
the Jurassic age. By M, D’Orbigny. 


* In this map the dark shadiag, corresponding with the shades 








tes. beer a 
tained, | ) : i certain that ee 
‘southern Europe, from the surface of 
Pyrenees burst upwards at a later epoch, 

329, The third great European sea, called the Mediterranean 
basin, skirted the eastern side of the central plateau from the 
southern limit of the Vosgian Strait to Montpelier, where it was 
probably connected with the Pyrenean basin by another strait 
extending from Montpelier to Perpignan. This ancient sea 
extended in all probability to a considerable distance east and 
north-east, covering Provence and Dauphiné, all that part of 
Europe from which the chain of the Alps arose at a much later 
epoch, and all Piedmont, Switzerland, and Italy, with the excep- 
tion of an island in the department of the Var in the south of 
France, which was already dry land in the preceding age, and 
continued so. : 

_ $30, At each succeeding period of the Jurassic age, the shores 
of these seas retired from point to point within their preceding 
limits, so that their successive outlines formed a series of con- 
centric lines, one included within the other, the seas retaining 
their form, but contracting their dimensions, This series of 
changes is especially remarkable in the case of the Anglo-Parisian 
basin, where it is indicated on the map (fig. 153) by the alternate 
shadings in two different tints around the borders of the basin. 
The limits during the first Jurassic period are those marked 7, 
the second 8, the third 9, and so on, the last or innermost 
_ It appears, therefore, that each of the disturbances or disloca- 
tions, which terminated the successive periods, was attended with 
the effect of contracting the dimensions of these seas, either by 
the elevation of the surrounding land, or the depression of that 
which formed the bottom of the sea. The entire breadth of the 
zone of land, which being covered by the seas of the first Jurassic 
period was left uncovered by those of the last period of that age, 
is found to have been about a degree on the western declivity of 
the Vosges. It is a singular geological fact, that a succession 
of ten dislocations, each of which was sufficient to destroy the 
existing fauna and flora, should nevertheless leave unimpaired 
the general form of the seas, and that none of the more recent 
and more violent convulsions of the succeeding ages should have 
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effaced the traces, by which the outlines of the la i 
during these successive periods have been determined, = 

331, It will be seen by reference to the section (fig, 152), that 
the series of stages from the Vosges towards Paris are still in 
concordant superposition, being very nearly parallel and hori- 
zontal, or if they dip it is always towards the middle of the 
basin, as strata do when deposited at present in tranquil waters, 
Except some occasional faults, there are no violently inclined 
or disrupted strata either in the Anglo-Parisian basin or north of 
the. Pyrenean. 

When, however, the state of the stratification of these stages 
on the slopes of the Alps are examined, a very different state of 
things is encountered. There we find them broken, and thrown 
into all inclinations, from the vertical to the horizontal; the 
obvious effects of the catastrophe, which in forcing up the great 
chain of the Alps burst through the Jurassic formation, disrupting 
its stages, and throwing them upon the declivities into all ineli- 
nations. On examining the sections of the strata as they are 
ranged upon the slopes of the Alps, we find, notwithstanding the 
violence to which they have been submitted, the same regular 
succession of ten stages occurring in the same order as around the 
Anglo-Parisian basin, where they were deposited successively, 
and in a state of comparative tranquillity, All this indicates 
that for long intervals of time previous to the elevation of the 
chains of the Alps and Pyrenees, the region on which they now 
stand was covered by the Jurassic seas, upon the bottom of which 
the strata of the Jurassic formation were deposited, and that it 
was long after the consolidation of these strata, that the violent 
action of the fluid matter of the internal parts of the earth, 
breaking the crust, forced the igneous rocks which now form the 
Alps and Pyrenees through the disrupted Jurassic stages, 

332. Observations made upon the organic deposits of the 
Jurassic strata fully confirm these views, The shore lines of the 
Anglo-Parisian and other basins, those outlines marked on the 
map by the differently tinted shadings, are characterised by those 
shells which are deposited on the very borders of seas within the 
play of the tides. ‘The deposits within these are those which take 
place in the deeper littoral regions, but those which are found 
upon the section of the strata disrupted upon the slopes of the 
Alps and Pyrenees, are the classes known to live only in the 
depths of the ocean. With the exception, therefore, of certain 
points giving coast indications, the Alps, or rather the space on 
which they stand, were in the midst of the Jurassic ocean. . 

333. During this age the island of the Var, already mentioned, 
was considerably increased. The land of the Vosges a 
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- were also as well to the west in the 
of . as to the east in the direction of Germany, 
here several islands, left separate in the Triassic age, became 
united so as to form a single island or continent of considerable 
But while in some places the land was thus in- 
ereased, in others it was submerged. Thus the continental tract, 
which in the Paleozoic age extended over France, between 
St. Malo and Lyons (see map of the Carboniferous period, fig. 148), 
was in this age submerged by the Breton Strait which connected 
the Anglo-Parisian and Pyrenean basins. Thus Poitiers and the 
surrounding region were alternately dry land and submerged by 
the sea, being submerged in the Silurian, dry in the Carboniferous 
period, again submerged during the Jurassic age, and finally 
raised to their present level. 

$34. It will be also apparent by ispecting the charts of 
M. Elie de Beaumont and D’Orbigny, that the tract between 
Toulon and Innspruck, which in the Palwozoic age was dry 
land, was completely submerged by the Mediterranean basin 
in the Jurassic age, being subsequently raised to its present 
elevation. 

335. Owing to the extent of the Jurassi 
and the clearness with which they are distinguishable from those 
which lie below them, the outlines of land and water during that 
age can be traced with nearly as much pre« 
phical form of the existing continents. 

$36. The Jurassic geography of central Europe will be further 
elucidated by the map of M. Elie de Beaumont, fig. 154, here 
reproduced by permission from the work of M. Beudant. 

The great Belgivosgian continent, a part of which only is 
included in the map of M. D’Orbigny, fig. 153, is here more fully 
represented. It appears that it extended on the north of the 
Mediterranean basin from Calais and Dunkirk to Cracow east and 
west, and from Wesel and Leipsic to Basle and Salzbourg north and 
south, By reference to fig. 142, 144, it will be seen that in the 
Silurian and Carboniferous periods Saxony and Bohemia formed a 
large island, and that another extended from Frankfort to Arras. 
In the Jurassic age these became united by the upheaving of the 
land, and formed the Belgivosgian continent shown in figs, 153 
‘and 154. A well-defined coast then extended from Dunkirk 
to Metz, which, after passing round the two peninsulas, the 
Vosges and the Black Forest, reached Ratisbon, Vienna, and 
wort where it was intersected by a strait directed N.W- 

S.E. 
An island existed between Toulon and Nice, and Corsica was 
raised above the waters. 
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Fig. 154.°—M. Elie de Beaumont’s map of Western Europe in the Jurassic Age. 


I The Scandinavian peninsula remained unchanged sinee the 


Carboniferous period. 

337. The marine animals of the Jurassie age 
racters strikingly different from those of the preceding epochs. 
‘The seas were now inhabited by monstrous animals endowed with 
vast powers of aquatic locomotion called Ichthyosauri, fig. 7, and 


* The dark shading represents land, ‘ . 
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- Plesiosauri, fig. 155, whose oar-like feet resembled those of the 





Fig. 155.—The Plesiosaurus 


present sea-tortoise. These animals replaced the sauroid fishes 


of the Devonian period which long before had disappeared. It 


was also this age which was signalised by those flying saurians 
to which palwontologists have given the name Pterodactyles (fig. 
156), or wing-fingered, All these monstrous tribes became com- 





Fig. 156.—The Pterodactyle 


pletely extinct at the close of the Jurassic age. In fig. 161 (p. 1) 
we have reproduced, after Dr. Buckland, an illustration of the 
zoology and botany of this age. 

338. The producti had altogether, and the spirifers nearly, dis- 
appeared, but numerous terebratule of other species took their 
places. The family of ammonites (fig. 8) which had commenced 
to appear sparingly in the Triassic age now abounded, 

This age was also signalised by the appearance for the first 
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time of the family of Calmars, which include the Belemnites 
and various new bivalve Molluses, 

339, In the seas existed also madreporie reefs or islands similar 
to those which exist at present in intertropical regions (fig. 202), 
Lakes were numerous and were inhabited by tribes of fresh 
water Testacea, whose remains are now found in the Portland beds 
and elsewhere, 

340. Insects of the orders Diptera (flies, gnats), Hymenoptera 
(bees, ants), and Hemiptera (bugs, water scorpions, plant lice), 
Crustaceous Isopods (sow bugs), Tectibranche-Molluses, Cirride- 
Brachiopods, free Crinoids, severally appeared in this age for the 
first time upon the earth. 

341, The vegetable kingdom presented none of the character- 
isties of the preceding. The colossal ferns and lycopodiaces 
had disappeared, and had been replaced by new species of the 
same families. Conifers were abundant in the Lias period, with 
new species of Cieadew. ‘The fruit of a species of palm is found 
in the same deposit, as well as carbonaceous strata altogether 
different from those of the carboniferous period. The difference 
of the quantity as well as the quality of these vegetable deposits 
indicate in a striking manner the difference of the extent of the 
continents of the two periods, 

This general account of the Jurassic age will render necessary 
only a very brief notice of its successive periods, 
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342. The geological convulsion which closed the Triassic age 
having destroyed the animal and vegetable kingdoms, and the 
tumult haying been followed by a period of tranquillity, the seas, 
subsiding within their limits, deposited the strata which form the 
first Jurassic stage. These deposits, called by D’Orbigny the 
Sinemurian stage, from the circumstance of their great develop- 
ment in the neighbourhood of the town of Semur (Sinemurium), 
correspond with the lower lias of British geologists, the gryphite 
limestone of Dufresnoy, Elie de Beaumont, and Roemer, and 
the quadersandstein of other German geologists. 

The parts of Europe where this stage appears at the surface 
round the great Jurassic basins are shown upon the map (fig. 153), 
by the shading marked 7, being the external boundary of the 
series of concentric lines surrounding these basins. In England 
this stage is seen in a continuous zone, extending N.N.E. from 
Lyme Regis, through the counties of Dorset, Somerset, Gloucester, 
Worcester, Warwick, Leicester, Nottingham, and Lineoln, It 
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only continuation of its direction 

s is distinguished from the succeeding one by 
a) evident discordances, and more especially by the isola~ 

‘tion of strata, the superior stage being in many places present = 

- without the inferior. An example of this is presented at Fontaine- = 

Etoupe-Four, in the department of Calvados in France, where 

the second, third, and fourth stages rest in concordant stratifica- 

tion on Silurian rocks, without the interposition of this first 





344, The seas of this period covered all the southern part of 
‘Western Europe from France to Sicily, and deposited their first 
aa stage upon the region on which the Alps and Pyrenees now stand, 
es After the lapse of a long interval posterior to their consolidation, 
; as well as that of many other stages subsequently deposited, the 
were forced by an internal pressure through 
; the crust, which being broken, these with other strata were 
i disrupted and thrown into various inclinations, some being 
; rendered vertical, while others being compressed horizontally 
— were bent into the form of undulations. 
Examples of these effects are numerous. One showing the 
first Jurassic stage thrown into a vertical position occurs at 
Gevaudan in the department of the Basses Alpes (fig. 158), and 
one showing the undulating form produced by horizontal com- 
sion occurs at Chaudon a Digne in the same department 


pres 
(fig. 159). 
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i Fig. 159.—Section of first Jurassic 
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The 46 genera of Mollusca and Radiata composing this fauna, 
so far as they are known, consisted of 174 species. 

346. Among the reptiles which lived in these seas were the 
Ichthyosauri or great fish-lizards, already mentioned (fig. 7), 
which rivalled in magnitude the largest whales of the present 
seas. Fishes of new species animated the coasts, and Ammonites 
(fig. 8), Belemnites and Turrillites abounded. So many new 
forms signalised the commencement of a new era in animalisation. 

The order of Dipterous insects appeared for the first time. 
A new flora adorned the continents in which new species of 
Cicadew and ferns predominated, 

347. The convulsion which terminated this period arose pro- 
bably from a subsidence of the beds of the seas, which, after the 
re-establishment of equilibrium, caused them to recover their 
former outline, their shores being only contracted within their 
former limits. paid Vic 
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348. The deposits made by the seas of this period, called by 
D’Orbigny the Liasian stage, correspond with the middle lias or 
marlstone of British geologists, and the Belemniten-sehichte of 
the Germans, The regions of its appearance are nearly the same 
as those of the preceding stage. be : 

349. When tranquillity was re-established, a new creation was 
called into being, a synopsis of the chief part of which is pre- 
sented in the following table :— a 
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The genera of Mollusca and Radiata alone consisted of at 
least 300 species. 

$50. The seas swarmed with enormous Saurians in greater 
numbers than ever, including new varieties of the Ichthyosauri 
and Plesiosauri. The former had a fishlike form, and the latter a 
neck of enormous length, by means of which it could dart its 
mouth at a distant prey, its body still being immersed in the 
water (fig, 155). With these were associated the singular flying 

called Pterodactyles (fig. 156). A vast variety of new 

species of fishes disputed the seas with swarms of Ammonites 

ig. 8), Nautili, and Belemnites; while the coasts abounded in 

varieties of shells, such as Pterocera, Ditremaria, Inocer- 

amus, with Asteria, Ophiuri, Echinodermata (fig. 160), and 
Foraminifera. 

351. Although all traces of terrestrial fauna have disappeared, 
in the remains of this period there can be little doubt that insects 
and other Annulata existed. Of Crustacea only‘one genus, Coleia, 
has been found, 

352. The land was richly clothed with vegetation, consisting 
chiefly of ferns, cicadese, and conifers of elegant foliage, of which 
65 species are known, 








Pig. 166.—Fossi.e Dracon-viy (Liseunena). 
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THIRD JURASSIC PERIOD, 
353. THE traces from which a convulsion closing the preceding 
period has been inferred, differ in nothing from those mentioned 
in the former period. 

The strata deposited by the seas of this period, called by 
D’Orbigny the Toarcian stage, from the town of Thouars 
(Toarcium), in France, correspond with the upper Lias of British 
geologists, the Brauner Jura, and Opalinusthon of the Germans, 
Tts extent can be traced on the map (fig. 153), by the shading 
marked 9. 

354. The new creation, exclusive of the Annulata, is shown in 
the following table :— 


Synopsis of the Animal Kingdom (exclusive of the A 
YRor g J 
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The Mollusea and Radiata consisted of 288 species, 

355, The outlines of land and water did not suffer any con- 

siderable change. Besides the genera of marine reptiles already 

mentioned, the strange forms of the Mistriosauri and Macrospondili 
82 
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now roamed along the coasts 


Mollusca and Radiata. wictamaadbicn:., naw forms of 





Fig. 160.—Pentacrinus fasciculosus (Echinoderm.) 


396, Searcely a trace of land animals remains, and those of 


plants but few and rare. Some conifers and eryptogamous plants 
however are found. — 
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FOURTH JURASSIC PERIOD. 


"857, The strata deposited in this period, called by D’Orbigny 


the Bajocian stage, from the French town of Bayeux (Bajoce), 
correspond with the inferior Oolite of British geologists, Its 
course on the surface is indicated on the map (fig. 153) by the 
shading number 10. . 

358. The animal kingdom of this period is shown in the 


following table :— 


Synopsis of the Animal Kingdom (exclusive of the Annulata) during the 


Fourth Jurassic Period. 











} Gewera 

| Total. | Created. | Revived. | Extinct. | Charac- 

» ; (Mammifers . . ( 0 ‘ 6 0 

Es } Birds . ° ) 0 ° 0 

& Z | Reptiles yw ] o o P 0 

: > ® | Fishes ‘3 5 2 ; 1 1 

; 4 (Cephalopods. . 8 ’ | 6 0 

% | Gastropods . . 2 ‘ a " 0 

" = { Lameliibranchia 40 6 “ 1 ri 

| 5 | Brachiopods . 5 1 4 i) 0 

| tm | Bryozoa. . . 8 5 6 l 1 

Zz { Echinodermata l4 10 4 1 0 

<j} Polyparia. . 18 7 11 | 1 

&) Foraminifera . 2 ] l ' 6 0 

P| lAmorphosoa . 10 3 a 0 

129 45 sa | 6 ; 


$59. Of the terrestrial fauna of this period nothing is known, 
and a few plants only, consisting of Cicadew and doubtful 
Monocotyledons remain. 
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$60. This stage, the Bathonian of D’Orbigny and D’Halloy, 
corresponds with the great Bath oolite, Forest marble, and Stones- 
field slate of British geologists. 

361. When tranquillity was re-established after the catastrophe 
which terminated the fourth period, a new creation appeared on 
the earth, of which the chief part is shown in the following 


table :— 
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FIFTH JURASSIC PERIOD, 
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362. An example of the polyparia of thi ‘od is : 
figs. 160, 161°, 162, Polyperia of thie period i siemaae 


Fig. 161* 





Side view. 


Fig, 162. Fig. 163 





Upper surface. Lower surface, 


Anabacia orbulites (Polyparia). 


Together with new species of Pterodactyles, fig. 156, there 
lived in the seas of this period not less strange reptile forms, to 
which the names Pecilopleuron, Teleosaurus, and Megalosaurus 
haye been given. 
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363. A terrestrial fauna at length left traces of itsTexistence, 
Mammifers now presented their first traces. Two land monsters, 


SIXTH JURASSIC PERIOD, 


SIXTH JURASSIC PERIOD, 


referred to this class, found in this stage, have been called ; — : 
Phascolotherium and Thylacotherium, Specimens of the lower 366, This stage, called the Callovian, corresponds to the 
jaw of the former were found in the oolitic limestone of Stones- Oxford clay and Kelloway Rocks of the British geologists, from 
field. It is a small animal allied to the Marsupial family, and the latter of which it takes its designation. 
takes its name from the Phaseolomys of New South Wales. 367. The animal: generic forms which lived in this period, 
364, A great variety of species of ferns, Cieadew, and conifers — of the Annulata, are enumerated in the following 
e — 


have been found among the remains of this period, with a few 
Marsileacew, Lycopodiacem, and Equitacew. 


Synopsis of the Animal Kingdom (exclusive of the Annulata) during the 
Sixth Jurassic Period. 
- ——_- 


Gewena. j 


| | Total. Created. Revived. Extinct, | Charac- | 























365. One of the causes which are assigned to the catastroph: 
which closed this fifth Jurassic period, is the sudden sinking of 
ry the continent, which was elevated at the close of the palwozoic 
age, and which extended over Central and Northern Russia. This 
vast tract was submerged during the sixth Jurassic period, and 
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“ ft | teristic. 
a 4 & ¢ f Mammifers 5 eid eo 0 °y } 
. aoe ) 0 0 
h & 5 Bir 0 0 0 0 ; 9 
> aie ae 3 ee aie 
: 2 ? / 
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La / f= | Amorphozoa 0 0 0 / 0 0 . 
; — — —-—__—. -_ : 
} ‘ he Soe = 73 7 3 70 7 2 1 | 
ia It appears, therefore, that of the 73 genera which existed, 
4 only three were new, two of which were generic forms of Cephalo- 
J g P. 
| : -" pods, called Rhychoteuthis and Paleoteuthis. This period was 
> I 
. 





a the ocean at the same time flowed over the entire province of ; 
Lk Cutch in India. The sea also covered the department of the : Fig. 105.—Ammonite—Jason. 
a Sarthe in France. Effects of this disturbance are traced in : ; " j : 4 
: 4 France, even where no disturbance of strata exists by the state of j semarksble for the prevalence of Ammonites, denominated Limula, 
: i i P : - Athleta, Jason (fig. 165), as well as the Trigonia elongata, Plica- 
the superposed littoral deposits. Its effects are also seen in the tole: parepriia, Antres dilat d Terebratula Diph 
polishing of the superior strata at Lyons, showing the result of a ache srmsdpeminbabemppiane Paap Anivergr mays. = 
: . * = ee The Ichthyosaurus appeared for the last time in. this period. 
; long-continued action of the waters. In fine, these indications 368. Th : : : : i Saar 
| nfirmed by the complete destruction of the f; d flora 368, the outlines of sea and land during this eee 
* at ae setiod y Z Pekan pst went some remarkable changes. The convulsions which ter- 
ai 0 i 87 
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Pair the prraiaen iad Maditereciene Yasias, and thes to connect 


Brittany on the one side, and the Vosgian continent on the other, 


_ by two isthmuses, 


369. The Mediterranean basin extended across the Tyrol, and 
into Switzerland, as far as Soleure, and probably even to the 
Crimea, But the greatest change produced by this convulsion 
was the subsidence of the great Russian continent, which had 
continued above the sea since the close of the palwozoic age, and 
the consequent extension of the seas of this sixth period over all 
Russia, from the 48th degree of latitude to the Frozen Ocean. It 
appears also from the organic remains of Mollusca and Ladiata, 
that these seas extended on the south, without interruption, to 
the 9th degree of latitude, thus covering the entire extent of 
Asia, from the province of Cuteh to the polar circle. 


SEVENTH JURASSIC PERIOD. 


$70, The deposits of this period, called by D'Orbigny the 
Oxfordian stage, correspond with the upper strata of the Oxford 
clay, or the dark-blue clay of Oxfordshire and the Midland 
counties, the thickness of which in England, according to Lyell, 
is sometimes 500 feet. In the south-west of France, and in the 
Alps, it measures from 320 to 500 feet. ‘ 

371. In the following table we give a synopsis of the generic 
forms of this period, excepting the Annulata :— 


Synopsis of the Animal Kingdom (exclusive of the Annulata) during the 
Seventh Jurassic Period. 


: Genera. 
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SEVENTH JURASSIC PERIOD, 


Of Crustacea 31 were created, all of which became extinct at 
the close of the period, so that the total number of generic forms 
ascertained to have lived is 213, of which 82 were created, and 
131 revived, exclusive of other Annulata, the existence of which 
has been determined but their numbers unascertained. 

372. This period is signalised by the first appearance of insects, 
of the orders Hemiptera (bugs, water-scorpions, plant-lice), 
Hymenoptera (bees, ants), and Lepidoptera (butterflies, moths), 
and of Isopodous Crustacea, and the prevalence of testaceous spon- 
gearia, pterodactyles, pyenodide fishes, and decapod crustacea, 

373. Of Mollusca and Annulata of this period, 729 species 
have been catalogued, and 
the total number of species 
of all classes could not have 
amounted to less than 800. 

In fig. 166 is shown a 
specimen of the insects of 
this period, and in fig. 167, 
one of the Annelids. 

374, The seas retained 
their former limits; those 
of the Parisian and Pyre- 
nean basins, however, re- 
tiring as before stated, so 
as to leave a new band 
of surrounding coast un- 
covered. They extended 

over the same parts of 
Europe, and were continn- 
ous on the one side to Asia 
Minor, and on the other 
into Russia, as is proved 
by the prevalence of the 
same marine species in the 
strata. The Breton and Vosgian Straits were still replaced by 
isthmuses, 

375. Adolphe Brongniart has enumerated a considerable as- 
semblage of marine plants of this period, consisting chiefly of 
Cryptogamous Algw. 

376. The continents were not less animated than the seas. 
Besides several orders of insects, and the generic reptile forms of 
the preceding periods, 10 new reptile genera were called into 
existence, including the Gnathosaurus, Pleurosaurus, Geosaurus, 
and Spondylosaurus, which, as well as new species of ptero- 
dactyles, abounded. M. Brongniart has also given a list of the 
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Fig. 167.—Serpula flagellum, 
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. The sudden character of the catastrophes, by which from 

to period the successive faunas and floras were destroyed, 

is strikingly illustrated by the perfect state in which the remains 
of many of the saurians have been found. Of those which were 
~ depo: in these strata, many must, as Sir C. Lyell observes, 
have met with sudden death and immediate burial, and the same 
“Gndications are observable in the case of all the other stages. 
“Sometimes,” says Dr. Buckland, ‘‘searcely a single bone has 
removed from the place it occupied during life, which could 

“not have happened had the uncovered bodies of these saurians 
been left, even for a few hours, exposed to putrefaction, and to 
the attacks of fishes and other small animals at the bottom of the 
‘sea.’ * Not only are the skeletons of the Ichthyosauri entire, 
but sometimes the contents of their stomachs still remain 
between their ribs, so that we can discover the species of fish on 
which they lived, and the form of their excrements. Not un- 
frequently there are layers of these coprolites (fossilised excre- 
ments) at different depths in the lias at a distance from any 
entire skeletons of those marine lizards, from which they were 


derived, as if the muddy bottom of the sea received small sudden 
accessions of matter from time to time, covering up the coprolites 
and other exuvim, which had accumulated during the intervals. 
It is further stated, that at Lyme Regis, those surfaces only 
of the coprolites, which lay uppermost at the bottom of the sea, 
have suffered partial decay from the action of the water, before 
they were covered and protected by the muddy sediment that had 


- afterwards ently enveloped them.t 
878. The remains of cephalopods give like indications of 
ey ee Numerous specimens of the Calamary, or pen- 
and-ink fish (Geotenthis Bollensis), have also been met with in 
these strata at Lyme, with the ink-bags still distended, con- 
taining the ink in a dried state, chiefly composed of earbon and 
but slightly impregnated with carbonate of lime. These, like the 
Saurians, must therefore have been promptly buried, for if long 
exposed after death, the membrane containing the ink would have 
been decayed. { 
879. The identity of the specific forms of the fauna of this 
period, in all latitudes, from 40° to the Frozen Ocean, shows that 


* Bridg, Treat, p. 125. 
mnual, p. 327 ; De la Beche, Geol. Res., p. 334 ; Buckland, 


Moridg, Treat., pe 807. 
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no difference of climates such as the present then < ie 


had the intertropical character, 
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EIGHTH JURASSIC PERIOD, Sata ; 


380. The strata deposited during this period, called } 
D’Orbigny the Coralline stage, pot d to ? Brit 
wt pom geologists, a sn eet a 

- Exclusive of annulata, th i t 
fauna of this period, > the Slowing hie aa 
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Synopsis of the Animal Kingdom (exclusive of the Annulat 
a) during 
Bighth Jurassic Period. 35 


GENERA. 


Total. | Created. Revived. | Extinct. | 7 
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382. In Russia, all that tract which extended to the Frozem 
Ocean, and which had been submerged during the ae period, 
was now again raised above the waters, and became land, In 
England, France, and Germany the general forms of the land 
remained the same, but their extent was augmented by the 
—_ aenenen of the shores of the seas, ae 

» The fauna of this period was remarkable for numerous - 
polyparia of the coral class, by which reefs were formed 
to those which exist in the present seas. It was at this epoch 
ae the Dinars, Nerinea, Purpurina, Hemicidaris (figs. 168, 
» Acrocidaris, Millecrinus, and Api th 
a development. . — begpiies Bs 
+ In the total absence of all organic remains of a terrestrial 
fauna, we must infer by analogy that the fauna of this must have 
been related to that of the antecedent periods. ‘The flora, 
according to the observations of M. Brongniart, consisted of ferns, 
cicadew, and conifers of peculiar species. i 
ug, 


























Although it is sbable that the close of this stage was 
esult of a er ckich originated at some point distant 
oh Fig. 109. 





Hemicidaris crenulans. 


from i ati : e indications 

the range of geological observation, there are indice 

of some Gletarbance by the absence of the superior strata in the 

Alps, from Grasse to Gap, which may probably be connected 
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TENTH JURASSIC PERIOD, 


888. The close of the last period was marked by the final 
extinction of at least 36 generic forms. The four generic forms 
of reptiles which appear for the first time in this ninth 
are the Stenosaurus, Streptospondylus, Emys, and Platemys, of 
which the Stenosaurus is peculiar to the period and characteristic 
of it, not re-appearing in the next or any subsequent period, Of 
the reptile genera of former periods, those which re-appear in the 
present, and finally became extinct at its close, are the Plesio- 
saurus, Teleosaurus, and Pliosaurus. + 

Independently of the species of the other classes which lived in 
this period, 186 species of mollusca and radiata have been cata- 
logued and described by M. D’Orbigny, 

389. The seas were circumscribed by nearly the same limits, 
retiring nevertheless a little within their former shores, They 
were inhabited by nearly the same assemblage of genera, the 
species being, however, altogether different. The cephalopods 
were not numerous, the prevailing marine genera consisting of 
gastropods, and lamellibranchia. 

390. The land, independently of some revived genera, was 


with the catastrophe which closed this eighth period, 


Ie 


inhabited by the saurian reptiles Stenosaurus and Streptosaurus, 
and by the tortoise forms, denominated Emys and Platemys, all 
of which were probably amphibious. 

No vegetable remains of this period have been found. 
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NINTH JURASSIC PERIOD. 


386. The deposits of this period correspond with the Kimme- 
ridge clay of the British geologists. 
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; : TENTH JURASSIC PERTOD, 
i St A queers] view of the fauna, with the usual exceptions, 391. The deposits of this period correspond with the Portland 
3 presented in the following table. beds. They lie generally upon the Kimmeridge strata of the 
4 , “ : rs wwe of the Annulata) during the preceding period. 
i i "Synopsis of the Animal poet weed sloth sn te: 392, A general view of the fauna, with the previous exceptions, 
ie P is given in the table on the next page. 
i e Ouag ! A ase Of the mollusca and radiata 63 species have been described. 
3 / | ies Ea 4 | Charae- 393, The seas of this period, like those of the former, preserved 
i 4 conte iemenane er ters , the general pra witha of their outlines, still pre a little 
; ‘Mannie. 0 | <a 0 ¢ within their former shores, The marine fauna among fishes was 
he tote ee 0 : A ie 1 increased by the Meristodon, and among mollusea by the Cyelas. 
Ba i. i end VAR ies ne The principal saurians of the last period disappeared from the 
oe a 6 | 2s Dene coasts, and were replaced by the Cetiosaurus. This marine reptile 
3 pods. 15 8 = | } ; must have rivalled the existing whale in magnitude, some speci- 
3 —— " ae Te Be gag | 0 mens indicating a total length of 40 to 50 feet, The bones found 
= | Bryozoa 1 9 bh a een ae in some strata in England, of somewhat more recent date, may 
eS ec cdarmpie | 10 | 0 10 ree 0 have been carried up from the sea along the bed of a river by the 
I es. ed ae Z | pan tide, or the animal when living, as is often at present the case 
4 Seiancae EY Bi seh tert 0 | eee ARE with existing cetaceans, may have wandered up the river, and 
, Cane (ee Be som eh ee dying, have been deposited in its bed. 
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394, The close of this period, which marks the termination of 
the Jurassic age, is distinctly indicated by numerous dislocations 
and isolations of the strata, denoting upheavings and depressions 
in many regions, These phenomena demonstrate the complete 
separation of the last stages of the Jurassic from the first of the 






a succeeding age. M. Elie de Beaumont considers the catastrophe 
e which aieet the mountain systems of the Cote d’Or (215), of 
a Monte Pila, and the Erzgebirge, the prevailing direction of 
which is W. 40°S. and E. 40° N., as that which terminated the 


The Cretaceous Age. 


395. The group of strata to which geologists have given the 
name of the Cretaceous or chalk formation, being deposited upon 
the Jurassic group, must have been the result of the succeeding 

ical age. Its stratigraphical limits, as we shall here con- 

sider it, are the Purbeck beds below, and the Maestricht beds 
above. Some British geologists, including Sir C, Lyell, place the 
former as the uppermost strata of the Oolitic formation; while 
others, including Sir H. dela Beche, give it to the Cretaceous 
By reference to the tabular section (47), it will be seen 
eee title given to this Cretaceous -group must not be under- 
stood as implying that chalk is the exclusive character of the 

‘ en ‘ 
aree superi ior strata of this formation are not present in 
England, and hence they take their name from Maestricht, 















es 


396. The complete series of strata of the Cret 1s for- 
mation, are found succeeding each other in their proper order in 
the continuation of the section given in fig. 152. This 


nuation, extending from Sommevoire and Vassy to Vertus, re 


given in fig. 170. The Cretaceous group terminates a little to the 
west of Vertus, and the Tertiary or succeeding formation 
from that point to Paris, We shall refer to this latter part of the 
section when we come to notice the Tertiary age. 


CRETACEOUS FORMATION. 


~ 








Vertus 
Vitry 
Te 


Fig 170.—Section from Vassy to Vertus, being part of the great section 
from the Vosges to Paris. 


397. Proceeding upon observations and reasoning similar to 
those explained in reference to the Jurassic formation (322), M. 


D’Orbigny resolves the Cretaceous formation into seven stages, to 
which names are given, derived from the localities se where 
the strata are most exposed at the surface, and where therefore — 


they have been most observed. ‘To avoid encumbering the 
memory of the reader with a nomenclature so complex, we shall 
here, as in the former cases, designate the stages by their nume- 


rieal order, proceeding from the lowest upwards, and the periods 


of their deposition into which the Cretaceous age is resolved, also 
by their numerical order, proceeding from the earliest to the 
the 


latest. ; 
398. It will be convenient, however, as in former case, to 


indicate the names given to the s id their e 
mean thickness severally, ae a eee 
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So that the total thickness of the formation is above 12000 feet, 
or 24 miles, the chief part being occupied by the first or lowest stage, 
The mineral composition of these stages will be stated when we 
come to notice them separately. 

399, While at some points these seven stages are found in 

superposition, in others particular stages are absent. 
Thus, while on the northern and eastern border of the Anglo- 
Parisian basin the series is complete, in other localities great dis- 
cordances of stratification are observed, as well by the varying 
dips of the contiguous strata as by the absence of one or several 
stages of the series. These are the grounds upon which the entire 
Cretaceous formation is stratigraphically set apart from the 
Jurassic, and upon which the seven stages into which it is resolved 
are inferred to be independent, and those conclusions are con- 
firmed by observations made upon the arrangement of the depo- 
sition of the organic remains, which appear to be distributed in 
seven distinct layers, corresponding with the stratigraphical 
limits of the stages. 








Fig. 202.—coraL reer. 
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CHAPTER VII. 
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Seapets am! a 
is zoologically distinguished from the 

Perea he tae akeense ct Fork of 180 generic forms which 
existed in the previous age, and from the succeeding age by the 
absence of upwards of 500 genera not created until the succeeding 

os cera 500 genera consisting of 24 orders of animals, as 
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401. During this age about 270 genera were created, bat z is 
by the specific forms that its fauna can be more een _ 
racterised, These consisted of about 5000 species, of whic pai 
700 belonged to the vertebrata and annulata, The manner in 
which the species of mollusca and radiata are distributed among 


the stages is as follows :— 









No. intwoor | No. limited to | pypa) 
Stages. | more species. 





each stage. 















S44 851 
48 186 | 
402 410} 
M1 849 | 
377 3380 
1574 | 1679 | 
63 66 





4249 ; 4291 





ies being repeated in the second column, a corre- 

? oo otastion Dies the t total number of common species must 

‘be made, which will reduce the actual number of such common 
ies to 21, being only a half per cent. of the total number. : 

*Pto, From. a general analysis of the facts, the following 











conclusions may be it ; . ae 
75° "That 4 isted in the Cretaceous age above 5000 species — 
af animals altogether distinct from those of the preceding and — 
9g ss 





there probably united with the Hsheides 
H 


2° That this total number consisted of seven distinct gro 
which existed successively during the seven periods of the | 


taceous age, their remains being deposited in the seven superposed “ ‘ 


stages which compose the Cretaceous formation, a 

3° That each period therefore had its own special fauna, 
having nothing in common with those of the preceding or suc- 
ceeding periods, 42 


4° That the species which, owing to accidental causes or erro- 


neous designations, have been found in two or more stages, the 
number of which has been greatly overrated, do not in reality 
exceed a half per cent. of the total number of species discovered. 

403, When tranquillity had been re-established after the cata- 
strophe which closed the Jurassic age, the changes which had 
taken place in the levels of the solid surface of the earth caused the 
waters to settle into new beds, and gave a modified outline to land 
and sea, The contours of the seas of this period are now shown 
by the forms and limits of the Cretaceous strata, subsequently 
raised above the waters. 

404, The outlines of land and water in Western and Central 
Europe, in the Cretaceous age, as sketched by M. Elie de Beau- 
mont, are shown in the map (fig. 171), can 

The three great islands of the Jurassic age which appear in the 


_ map (fig. 154), were now connected, and their coast-lines com- 


pletely changed. The northern part of Belgium was submerged, — 
and Brussels, which in the former age was inland, was now on the 
coast, Arras, Calais, and Dunkirk, which were on or near the 
coast, were now at the bottom of a large gulf, in the midst of 
which was Paris, and at the southern part Tours, The town of 
Poitiers, which was situate in a strait, was now on the coast of 
the southern extremity of this gulf, which the reader will readily 
identify with the Anglo-Parisian basin so often referred to. 
London and Cambridge were at the bottom of this sea, the sho1 
of which, bending westward, formed a bay, which might be called 
the gulf of Exeter, that city being at its westward limit. Oxford 
was on the coast of England, which, after jutting out eastward to 
a point near the site of Cambridge, turned northwards to 
Edinburgh. Holland and a large part of Prussia and l 
including the cities of Amsterdam, Hamburg, Berlin, and 
Warsaw, were altogether submerged, ae See 
An isthmus connected the central tract of France with 
at that time part of a continent, which, ‘ing 
channel, was continued to the extreme north of 
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Fig. 171.*—Map of western we eee ean ie Cretaceous Age, sketched by 

405. The Pyrenean basin, as will presently appear, did not exist 
at the commencement of the Cretaceous age, but subsequently to 
its third period reappeared, its waters covering the greater part of 
Spain, including Madrid, Burgos, and other towns, as shown on 
the map. Marseilles and Perpignan were at;the bottom of a strait 
which bounded the southern part of the great central tract. A large 


* The dark shading represents land. 
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CRETACEOUS AGE, 


island extended in the direction N.N.E. and 8.8.W. from Brian- 
gon to Innspruck, separated from the main tract by a strait which 
covered that part of Europe now oceupied by Switzerland and 
the chain of the Swiss Alps. A local sinking of the land between 
Dresden, Prague, and Briinn, in the middle of Germany, produced 
an extensive lake in that country, which in the Jurassic age was 
4n uninterrupted tract of land. See map, fig, 154, 

406, The Vosges Mountains, previously washed by the ocean, 
were now completely enclosed by the continental tract which con- 
nected Bohemia with the central plateau of France. ‘The sea, 
which covered so large a part of these countries, now retired, 
leaving Langres, Nevers, Autun, and Lyons within the land, The 
south-eastern coast of the great central continent extended from 
Cracow a little to the north of Vienna and Munich, both of which 
were covered by the Mediterranean basin, following Strasburg, 
Bale, and Lyons, to Carcassonne, where the Pyrenean and Medi- 
terranean basins were connected by a strait between Perpignan 
and Bayonne. Bordeaux on the west and Avignon on the east 
were at the bottom of the sea, 

407. The future base of the chain of the great Alps was then 
marked by the island already mentioned, which appears on the 
map between Salsburg and Briangon, on which Turin, Trente, 
and Innspruck are now placed. Toulon was on an island to the 
south of this, and Corsica already formed an island further south. 
The chief part of Italy was at the bottom of the Mediterranean 
basin. The Scandinavian peninsula had remained nearly as in 
the Jurassic age. 

408, The geography of France and England during the 
Cretaceous age is shown upon a large seale and with more detail 
in the map (fig. 172), drawn by M. D’Orbigny and reproduced 
here by permission. In this map the seas are marked with the dark 
shading, and those parts which in previous ages were submerged 
are shown by three tints, indicated at the top of the map. The 
deposits of six of the successive periods of the Cretaceous age are 
marked as follows :— 


E trese 17 TEL. .civex U8 F scat ak 
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409, It will be seen that the borders of the Anglo-Parisian basin 
on the south-east were, as in the former age, gradually contracted 
from period to period, that of the first period (17) being outermost, 
the next (18) within it, and so on, one being within the other until 
the last period. This regular succession of deposits is observable 
to a certain point of the border near N evers, on the map, beyond 
which on south and west the exterior band of deposit is not, as 
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Fig. 172.—Map of France au: 
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CRETACEOUS AGE, 


before, that of the first, but that of the fourth Cretaceous period 
(20). 

410. The interpretation of this fact is evidently a change of 
relative level of the land along this border during the first four 
periods of the Cretaceous age. In the first, second, and third 
periods the border was subject toa gradually increasing depression, 
which after each period caused the shore of the sea to advance 
outwards, the shore of the second period (18) being outside that 
of the first (17), that of the third (19) outside that of the second 
(18), and in fine that of the fourth (20) being outside that of the 
third (19). The consequence of this is, that the fourth stage of 
the Cretaceous formation along this part of the coast lies over 
and conceals the previous di posits forming the first (17), second 
(18), and third (19) stages. But after the fourth period the 
relative levels must have undergone a contrary change, causing 
the borders of the sea to have retired inwards, or eastwards, from 
period to period, so that between the fourth and fifth period a 
band of deposit of the fourth stage (20) remained uncovered, and 
after the next period another (21), and so on to the end of the 
Cretaceous age. 

411. The irregularity indicated above, as having taken 
place on the western side of the Paris basin, might have been 
expected to have eontinued across the channel, and to reappear 
along the English border of the same basin. Such, however, is 
not found to be the case; for, as indicated in the map, the sue- 
cessive stages of the Cretaceous period from the first (17) to the 
last appear along the northern border of the basin from Dorset- 
shire to Yorkshire, succeeding each other in the same regular 
order as in the southern border in France. It would, therefore, 
appear that the undulation which produced the irregularity 
observable along the western border adjoining Brittany must 
have been littoral ; that is, in a direction at right angles to the 
N.W. and 8.E. borders of the basin. 

412. An examination of the Pyrenean basin discloses a singu- 
lar state of things in accordance with that observed in the western 
border of the Parisian basin. The first three stages of the Cre- 
taceous formation are altogether absent from the Pyrenean basin, 
which only received the deposits of the four last periods, M. 
D’Orbigny has inferred from this that during the first three 
periods of the Cretaceous age, the ground upon which the Pyre- 
nean basin is placed was raised above the level of the sea, but 
that the convulsion which closed the third Cretaceous period 
caused it again to sink so as to be covered by the sea, and that it 
thus remained submerged during the last fowr Cretaceous periods, 
The border retiring from period to period is indicated on the map, 
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op. The animal kingdom during the Cretaceous age was de- 
_stroyed and reappeared in each of the seven periods. To the 
terrestrial animals, such as birds, reptiles, and insects, and the 
marine animals included in the class of fishes, mollusea, echino- 
dermata, polyparia, foraminifera, and amorphozoa, whieh pre- 

existed, must be joined for this age cycloid and ctenoid 
fishes (salmon and perch), and various forms of foraminifera 
hitherto unknown. This age was also signalised by the prevalence 
of cirridated brachiopods, bryozoa and testaceous spongiaria, 
Ammonite shells also, of the most elegant and various forms, 
abounded, which disappeared for ever after this epoch. 

The presence during the entire Cretaceous age of the same genera 
and species of animals, from the line to the 56° of latitude on both 
sides of the world, prove that these regions, so entirely different 

in their climate at present, had a uniform temperature, proceeding 
“i evidently from the neutralising effect of the central heat of the 
~ earth, and which temperature was tropical. 

414, Throughout the whole of this age, all that part of the 
earth to which geological research has been directed, was subject 
to the same slow and gradual undulations, as have be en observed 
during the human period on the Scandinavian peninsula and 
elsewhere. ; ; 
On seven different occasions, however, more violent geological 
_* perturbations took place, which swept from the earth and seas 
every living thing; and after these great catastrophes, when 
_ nature was tranquillised, Almighty power once more repeopled 
the land and the water, clothing the former with new vegetation. 
































FIRST CRETACEOUS PERIOD, 


415, The great thickness of this stage, amounting at a mean 
estimate to 8000 feet, or above a mile and a half, shows that the 
duration of the period must have been considerable. 
~The composition of the stage includes the Purbeck beds, Has- 

~ tings sand, Weald clay, and lower green sand of De la Beche, the 
r and Ashburnham beds of Mantell, and the Wealden or 
of 


nine other generic forms, including the last of that class 
of flying reptiles, the Pterodactyle, rshish 9 cen Sue ce le 
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One genus of crustacea (Archiwoniseus) being added, gives the aa 
total number of genera known as composing the fauna 214, of 
which 70 had not existed in any previous period. 

The two genera of birds called Pals:ornis and Cimoliornis were 
webfooted, and were the first of the order which had yet appeared. 
The Archmoniscus was of the order of isopodous erustacea. 

Independently of the other classes, the number of species of 
mollusca and radiata alone catalogued and described is 851, An 
example of the mollusea is given in fig. 15. v 

416. Among the reptiles of this period were two of monstrous 
size, the Iguanodon and Hyleosaurus. The former, whieh has 
taken its name from some remote resemblance to the Iguana,a 
land-lizard of intertropical countries, had a body as massive as 
that of the elephant, measuring, when full grown, about 30 feet 
in length. It was herbivorous, feeding on the foliage of theferns, = 
cicadew, and conifers, which constituted the flora of the period, 

The Hylwosaurus, searcely less in magnitude, was also an 
herbivorous reptile. * 7 


Besides these, the coasts abounded in tortoises ; and opt les of 
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earth after this period. ; et | eet 
417, The land was richly clothed with vegetation, Ac ae 

of the plants has been published by M. Brongniart, who « 

that the generic vegetable forms were nearly the same_ 
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se SECOND CRETACEOUS PERIOD. 


composition of the second stage of the Cretaceous for- 
n sponds nearly with the 14th group of Lyell, including 
the clay of Yorkshire. 


_ 419. A generic summary of the fauna (excepting the Annulata), 
__ is given in the following table : 


| Synopsis af the Animal Kingdom (exclusive of Annulata) during the 
ae tec: Second Cretaceous Period. 


Gexera. 
Charac- | 
teristic. | 


Total. Created. Revived. Extinct. 
7a = "7 0 0 
i) ‘ < 0 0 

0 , 0 ) 0 

3 i 2 0 


—————— 
€(Cephalopods . 10 
es ! 
Lamellibranchia 


420. The outlines of sea and land in Europe did not differ 
much from their configuration in the preceding period. An island 
‘was formed on the present site of the Alps, extending from Castel- 
lane near Digue, in the department of the Basses-Alpes, to the 

department of the Hautes-Alpes, See map, fig. 172. 

421. The marine fauna differed but little from that of the pre- 
-eeding period, consisting of numerous cephalopods of singular 
forme (ig. 173, 174). 

422. That the land was clothed with vegetation is proved by 

nam remains of wood found in the strata. M. Brongniart 

ban a pine of this period, the cone of which measured 

ten inches in length, and an inch and three quarters in diameter, 
yund in the bed of the Marne near St, Didier, 





423. The identity of the tropical species found in extremely _ 
different latitudes, as, for example, in France and at formes 8 
straits, lead to the same inference, as in former’ periods, 
general prevalence of an equatorial climate at all parts hese 
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Pig. 173.—Ancyloceras Matheronianus. Fig. 174. 


424, The convulsion which closed this period was, according to 
M. D’Orbigny, that by which the Fuegian chain of mountains in 
South America, the direction of which was N. 30°. W. and 8. 30° KE. 
was raised. 


THIRD CRETACEOUS PERIOD, 


425, The deposit of this period corresponds with the 13th or 
gault group of Lyell, including the dark blue marl of Kent, the 
Folkestone marl or clay, and Blackdown beds and green sand and 
chert of Devon. 

426. A view of the generic forms of the fauna is given in the 
following table : 


Synopsis of the Animal Kingdom (exclusive of Annulata) during the 
Third Cretaceous Period. 


| ; Gexenra, | 
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¢ two genera of Crustacew, the number of generic 
in this period hitherto discovered amounts to 125, of which 
- 20 were new, and 105 revived. 

427. The outlines of land and sea were similar to those of the 
last period, except on the borders of the Anglo-Parisian basin 
between the departments of the Haute-Marne and Pas de Calais 
in Franee, which, hitherto uninvaded by the waters, were now 
submerged, which shows that the waters had advanced to the 
north in consequence of a subsidence of the ground in that 
quarter. The sea also extended to certain parts of the Eastern 
Pyrenees and the Var not previously submerged. 

On the other hand, certain parts previously submerged were 
now dry land, as, for example, in the department of Vaucluse and 
along the line of the Alps from Escragnolles in the Var to 
Grenoble, all of which were covered by the sea of the previous 
period, 


428. The seas were inhabited by fishes, Crustacea, and Mollusca, 





Fig. 175.—Cyathina Bowerbankii. Fig. 176, 


of numerous forms previously unknown. One of the Polyparia 
of this period is shown in figs. 175, 176, 
108 





FOURTH CRETACEOUS PERION, 


No remains of terrestrial animals of this period have teen 
and the only traces of vegetation are the remains A wood on ie 
borders of the basins, with a few plants found at Lyme Regie 
and elsewhere. 

429. Discordances in the strata indieate the onlin wick 
closed this period. 


FOURTH CRETACEOUS PERIOD. 


430, The fourth stage of the Cretaceous formati led & 
M. D'Orbigny the Cenomanian, corresponds very n 
twelfth group, or upper green sand-stone of Lyell, the 
Merstham fire-stone and the marly-stone, with chert of the Isle of 
Wight. 


431. The generic forms of the fauna were as follow -— 





Synopsis of the Animal Kingdom (exclusive of A sta) during the 
Fourth Cretaceous Period 








GENERA 
Tot Created. Revived. Extinct. Shame 

bq {Mammifers . 0 0 0 o 0 
bel Birds . 7 0 0 0 0 @ 
Eg) Reptiles . . 2 1 1 i i 
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®% | Gast 7 ‘ s) 2 e 

3} Lame 0 ‘ 46 : 0 

3 | Br 11 10 2 o 

5 | Bryozoa 24 s 1 * 

4 ( Echinodermata 35 5 20 5 

- } I 7 

=<) Polyparia. . . 20 16 i3 ’ 

& ) Foraminifera M4 7 7 3 3 

P| lAmorphozoa 18 2 2 i 





223 Sa 169 20 b 





Among these a new genus of reptiles called the Raphiosauras, 
and one of fishes called Otodus, were included. 

432. The shores of the seas of this period underwent some 
changes, owing probably to a subsidence of the ground. They 
advanced in Belgium as far as Tournay. They covered also 
that extensive surface included between Feeamp and Tours, and 
between Tours and Bourges, submerging ground which had re- 
mained dry land since the close of the Jurassic age. They 
covered also the whole extent of the Pyrenean basin, from the 
department of the Loire Inférieure to that of the Lot, ow 

10 











it is probable that they 

ee vison iene to Mount Lebanon in Syria, and 
~ in the other into Germany, extending over Westphalia, Saxony, 
The sire wore somewhat extended on some of the borders 
of the basins, especially on the east of the Anglo-Paris basin in 
France, and upon its west in England ; but they lost extent by the 
advancement of the sea, as already explained, in Belgium, The 
land was also diminished by the submersion of a large tract in 

the west of France, extending from the Loire to Havre. my 
433. The seas were animated by numerous fauna, consisting 
of fishes, new forms of Mollusca among the Castropods and 
Lamellibranchia, and a great quantity of Brachiopods which 
formed extensive submarine banks. There were also innumerable 
yarieties of Bryozoa, Echinodermata, and above all, of Poly- 
“paria. Of all the Cretaceous periods this was perhaps the most 

































434, The shores of the seas were furnished with great varieties 
of marine plants—a catalogue of which with a description is due 


to M. Brongniart. 

The terrestrial flora consisted principally of ferns, palms, 
Cieadew, conifers, and dicotyledonous plants of uncertain fami- 
lies. 


_ 435. From what has been stated, it will be apparent that slow 
and local undulations of the ground, similar to what prevail at 
present in different parts of the earth, were common. 

_ 436, The convulsion which closed this period was that to 
which M. Elie de Beaumont ascribes the elevation of the system 
of Monte Viso (216), the direction of which is N.N.W. and S.S.E. 


+0 FIPTH CRETACEOUS PERIOD. 


487. The fifth Cretaceous stage denominated Turonian by 
ae: ‘D'Orbigny, is identical with the eleventh or lower white ‘chalk 
of Lyell, including chalk without flints and chalk-marl. 
tical also with the upper plinerkalk of Saxony, and also 
he chalk formation of Mantell. 

2 » principal generic forms of the fauna of this period are 


iets ecid et bees a eee 










Synopsis of the Animal Kingdom (exelusive of 
Pifth Cretaceous Period, 
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439. The outlines of the seas were nearly the same as in the 
former period ; the shores, however, retired at several points, and 
especially in the Pyrenean basin, from the Loire Inférienre 
La Vendée in the Mediterranean basin, upon all the known 
points, and in the chain of the Alps from La Malle in the depart- ; 
ment of the Var to Switzerland. = 
The continents underwent a corresponding change. The as 
were very animated, as is evident from the vast neha 
Mollusea (fig. 14), and Echinodermata found upon the shores, fe 
were also remarkable for numerous submarine reefs, ee. | 
440. It would appear, from the fossil woods so frequently 
that the land was clothed with splendid vegetation, but owing to 
the destructive effects of the geological convulsion which followed, 
no complete remains either of plants or terrestrial animals have __ 
been found. ek ae 
441, From the local absence of this fifth Cretaceous stage, — 
it appears, that independently of several isolated points of — 
land in France and Prussia during this period, a surface of 
dry land existed in Russia extending over 40° of de; 
another in North America measuring 30°; and others in Sout 
America and in India, which must have been above the surface o} 
the waters, since no deposit corresponding with this stage app 
there. Since all ink Male were subocaagl ceed 
period, it must be inferred that subsidence of the land over 
Oe nag an place. This subsidence, according to M. 
bigny, extended from the torrid zone in the sow 
sphere to the 34° of latitude, and in the northern | 
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: extent of 90° of latitude, being a 
of the terrestrial globe. In e this subsidence 

as not less extensive, and is assigned by M. D’Orbigny as the 

immediate cause which terminated the fifth Cretaceous period. 





SIXTH CRETACEOUS PERIOD. 


442. The sixth Cretaceous stage corresponds with the tenth or 
upper white-chalk group of Lyell, including the white chalk with 
flints of the north and south downs. It is identical with the 
strata called by the Italians la Seaglia. 

443. A generic summary of the fauna is given in the following 


table :— 











Synopsis of the Animal Kingdom (exclusive of Annulata) during the 
Siath Cretaceous Period. 
a : 
j CARN RRA 
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Adding two genera of Crustacea not included in this table, it 
appears that the fauna hitherto discovered consisted of 305 
genera, of which 81 were new, and 224 revived from former 
periods. 
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Fig. 184. —PLaTaX ALTISSINUS, 


THE PRE-ADAMITE EARTH. 


CHAPTER VIII. 


444, First appearance of fishes similar to the salmon and perch—specific 
forms of Mollusca and Radiata.—445, Great duration of the sixth 
Cretaceous period.—446, Great changes in the outlines of land and 
water. —447. Specimens of the fauna,—44S8. Flora and land animals 
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the Tertiary and inferior formations.—458. The number of species 
im the Tertiary age.—459.—Distribution of the species among the 
.—460, General conclusions —461]. Outlines of land and water 
~ wD Ortigny's map of France and England.—462. Great geographical 
changes from period to period.—-463, Character of the fauna—great 
( ment of Mammifers.—i64. Uniform prevalence of tropical 
' climate.—165. Gradual and violent undulations of the land. Fiast 
» @enrtany Prerop. 466. Mineral character of the stage.—467. 
is of the animal kingdom.—468. Great development of fishes. 
—469. Vast increase of land animals, including those of which the 
rhinoceros, otter, dog, ferret, and squirrel are types. —470. Creation 
of fiat-fish.—471. The Mollusca——_nummulites.—472. Whole moun- 
tains formed of these animals.—473. Vast duration of the period. 
474. Terrestrial flora.—475,. Outlines of land and water—Anglo- 
Parisian basin—form of its shores in France and England.—476. 
Pyrenean basin.—477. Mediterranean basin. —478. Its great extent 
towards the east,—479. Fresh-water lakes.—480, Close of the period. 
Sxocowp Teatiary Pexrop. 481. Elevation of the Pyrenees—elevation 
of the tract of Bray in France, and of the Wealden in England. —482. 
Synopsis of the animal kingdom.—483. Specific forms of Mollusca 
and Radiata.—484. Creation of Cetacea, or whale forms.—-435. 
Prodigious numbers of Miliolm, of which the stone quarries of Paris 
are formed.—486. Marine flora—land animals, including the generic 
forms of which apes, bats, gallinaceous, predaceous, and climbing birds, 
serpents, rattle-snakes, baboons, aud opossums are types. — 487. 
Crocodiles and land tortoises—belemnites and nautili — terrestrial 
flora.—488. Outlines of land and water—division of, Anglo-Parisian 
basin into two seas. 


444. Tuts period was signalised by the first appearance of 
fishes of the Cycloid and Ctenoid orders (salmon and perch), 
and also by numerous genera of Foraminifera. The number 
of species of Mollusca and Radiata alone which entered into 
the composition of this fauna was 1577, all of which were new 
to animated nature, and all of which disappeared at the close of 
this period. 

445, The great thickness of the stage, measuring, as we have 
seen, 1000 feet, and the great number of species found in it, lead 
to the conclusion that this sixth period was one of the longest of 
the Cretaceous age. 

_ 446. The seas of this period underwent considerable changes 


- both in France and England. In some parts their shores retired, 


-Jeaving inereased tracts of dry land, while in others, as in the 


department of La Manche in France, tracts hitherto dry were 
~ ‘ 114 . 





SIXTH CRETACEOUS PERIOD, 


submerged. Great changes were also produced at other points. Thus 


it was at the commencement of this period, that in consequence of 
a considerable subsidence of the land, the sea flowed over all 
Belgium as far as Maestricht, cover- - 

ing land which had remained dry 
since the close of the Paleozoic age. 
Tt was also during this period that 
the sea extended its limits from 
Snowdon to the Ural Mountains, over 
an extent of 40° of longitude. It 
also covered a surface of 30° upon the 
southern coast of South America. It 
covered also Chili in the western 
continent, and Pondicherry in the 
eastern, From the identity of the 
marine deposits, it may be inferred 
that the sea of this period extended Fig. 177.—Spondylus spinosus. 
without interruption from France to. 

all those distant points and from the tropies to the 56° north, and 
the 34° of south latitude, 








Fig. 178.—Reticulopora obliqua, 


The land underwent changes corresponding with those of the 
seas, being everywhere augmented where the seas retired, and 


diminished where they advanced. 
447, The Cycloid and Ganoid fishes prevailed in great numbers 
12 115 





















] on 1 nen (fig. » 
448, The shores of the seas were abundantly furnished with 
Of terrestrial animals, one genus of birds, 


called Scolopax, has been found: and of land reptiles, two genera, 
Leidon and Mosasaurus. The jaws of the latter are shown in 


\ 





#8; (9. ‘The geological convulsion which terminated this period, 





Fig. 179.—Mosasaurus Camperi. 


according to M. D’Orbigny, was that which raised the chain of 
the Cordilleras of Chili, the direction of which is N. 5°. E. and 
oh. &.. W. 


SEVENTH CRETACEOUS PERIOD, 


450. In every point of view, this is the least important of the 
periods, being the last stage of the decadence of the Cretaceous 
age. This stage has no representative in the British strata. It 
js identified by Sir C. Lyell with the Maestricht beds, a group of 
~ strata observed near that city, on the banks of the Meuse, having 
_ the thickness of about 100 feet. It rests upon the ordinary white 
~ chalk and flints, which form the sixth Cretaceous stage, and 
(Tig ating tale, which, bea to > C. Lyell, are, on the 
: ‘ole, very peculiar, an tinct from those of the Tertiary 
_ ee, whi immediatly succeeded it, 

“451, The following is a general view of the fauna of this period 
far as the fossil remains show it. Pains se 
: 386 
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Synopsis of the Animal Kingdom (exclusive of Annulata) during the — 
Seventh Periods! 0 5!) anata 







































| { Charac- 

/ } Total, | Created. Revived. | Extinct. | todatie, 
| g¢{Mammifors . . t) 0 0 0 0 
ce i ae 0 0 0 0 0 
§ | Reptiles». l 0 1 1 0 
- \ Fishes ; ? ? } t ? ? 

! 4 [Ce vei } 

/ Jephalopods 2 0 2 1 0 
; z { Gestropece = 17 1 16 | 0 o 
| = {| Lamellibranchia i 0 il 0 . 0 
/ 5 | Brachiopods. . 2 0 2 1 0 
| { Bryosoa 7 0 0 0 6 0 
|  @ ( Echinodermata . | 1 3 1 0 
| 4) Polyparia 8 0 8 oo} oe 
| § } Foraminifera 0 0 0 0 . 0 
a ( Amorphozoa 1 0 1 | 0 | 0 
1k | ae 44 9 0 





452. Independently of some Saurians, fishes, Crustacea and 
Annelides, found among the fossils, sixty-six species of Mollusca 
and Radiata have been catalogued by M. D’Orbigny, of which 
only two are common to this and the preceding period, Of 
these, a considerable number, including the Nautilus Danicus 
(figs. 9, 10, 11), are found in this stage in Sweden as well as in 
France, and may be regarded as more especially characteristic 
of the closing period of the Cretaceous age. 


The Tertiary Age. 


453, At an carly date in the progress of the science, the strata 
below the Jurassic formation were called primary, and the 
Jurassic and Cretaceous formations, taken together, were denomi- 
nated secondary, haying been obviously deposited from the seas 
of that era upon the former. Hence the most recently deposited 
group of strata resting upon the Cretaceous formation, and im- 
mediately subjacent to the diluvial and alluvial deposits of the 
human period, received the name of Tertiary, which, by general 
consent, they have retained, although subsequent discoveries have 
shown that the preceding deposits, instead of being resolved into 
two, are much more properly regarded as consisting of a greater 
number of distinct groups. he 

454, The strata composing the Tertiary formation have been 
very variously classed, and grouped in geological works. Sir 
Charles Lyell has divided them into three principal Pa 
























~ M. D'Orbigny finds that 
si ive stages is more in accordance with the distribu. 
on of the organic remains. The following are the names which 
am given to the five strata, with their origin, and their esti- 
mated average thickness :— 

































Origin / Thickness, 
Scepemsine |Apasinen .  . | Peon snce 
Fal - | Falun (conchiferous cra) | 1000 
grian . . | Tongree . . i. af 390 
—— or 
‘ummulitic hy Soissons . . ‘ -| pacied 














Total . be 9230 


Although these estimates of thickness must be regarded as mere 
approximations, they will, nevertheless, be useful as exponents of 
the relative duration of the five periods into which the Tertiary 
age is divided, The total average thickness of this Tertiary 
formation would appear to be about 10000 feet, or two miles, the 
chief parts being occupied by the two lowest stages. 

455. The complete series of stages can scarcely be found in 
any single locality, but, partially united, their order can be easily 
determined by comparing sections made in different places, 

456. Fig. 180 represents a section from Vertus to Paris, being 
the continuation of the general section of the country from the 
Vosges to Paris, the first three divisions of which, commencing 
_ from the Vosges, have been already given in figs. 141, 152, and 

170. In this section, the first three only of the stages, proceeding 
upwards, are included, being numbered 24, 25, and 26, 

As in the preceding formations, the single stages are distin- 
guished one from another, partly by discordance of stratification, 
but much more by what geologists call discordances of isolation ; 
that is, by the appearance of certain stages, and the absence of 
others. For example, while round the Anglo-Parisian basin 
the first of the Tertiary stages is deposited immediately upon 
the last of the Cretaceous; in other places many intermediate 
: xs are wanting. Thus, near Orgon, in France, the first Ter- 
ze is deposited upon the first Cretaceous, all the other 
‘stages of the Cretaceous formation being absent. In like 
nner, in the department of the Aude, the first Tertiary stage 
‘upon the Palwozoic formation ; and in the department 

and the Lower Alps upon the Jurassic formation, In 
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different localities upon the Azoie, Palwozoie, the 
Cretaceous formations. i 


457. Palwontological considerations supply other distinctions — 


between the Tertiary and inferior formations. 
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generic forms extinet at the close of the Cretaceous age, and 


not appearing in the Tertiary age, constitute a. 


characteristic between the two epochs. In like manner, atthe 
commencement of the human period, 1324 new generic forms were 
created which had no previous existence, and which, eet 
present in the Tertiary age, supply a distinction between it and — 









like manner, throughout the province of Touraine, 4 
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es TERTIARY AGE, 
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The number of species of plants and animals of every 
a order which lived in the Tertiary age, greatly exceeds that of 
any former period. The number of vegetable species found in 
_ the Tertiary strata exceeds 600, and that of Vertebrata and Annu- 
~ lata amounts to nearly 1500, while the number of Mollusca and 
Radiata, catalogued and described as belonging to this age, 
amounts to 6042." 
459. The proportion in which this vast number of specific forms 
of Mollusca and Radiata are distributed through the tive Tertiary 


stages is as follows :— 


three of which, the Anglo-Parisian, the Pyrenean, and the 
Mediterranean basins eorrespond with those of former epochs. 


RAKLWS 
TALLO2OIGULSTRIASIOUES. JORASSIQULS CRETACES. TERTIAINES. 
om 


No, in two or No. limited to 





: Stages. | more stages. each stage 
Tt ll 7 = 
IL. 8 
Ifl, 0 
IV. 2s t 
.. © 8 4 





The same species being repeated in the second column, a cor: 
responding deduction of the total number from the common 
species must be made, which will reduce th actual number of 
the common species to ninety-one, which is equivalent to 1} per 
cent. of the total number. 

460, From this and other observations made upon the strata 
composing the Tertiary formation, the following conclusions have 
been adduced :— 

1°. That there existed in the Tertiary age above 8000 species 
of animals, altogether distinct from those of the preceding and 
following ages, and which, therefore, are characteristic of the 
‘Tertiary age, wae 

2. That this total number consisted of five distinct groups, . = 8, & fond 
which existed severally during the five periods of the Tertiary i i Qiangoulemes 
age, their remains being deposited in the five superposed stages : ; 
composing the Tertiary formation. 

3°. That each period therefore had its own special fauna, 
haying nothing in common with those of the preceding or succeed- 

ing periods. ; 

4°, That the species which, owing to accidental causes or 


| 
, Bees P= 4 ee - y 4 
A A | = astelnaudaty 
erroneous designations, have been found in two or more stages, the r Fees youce ev epee 
number of which has been greatly overrated, do not in reality i 
exceed 1} per cent. of the total number of species discovered. ; 
461. The seas of this age in Western Europe consisted of four, 





* Prcdrome D’Orbigny, vols. ii. and iii, Fig. 181.—Map of France and England in the Tertiary Age. By M.D — 
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0 exactly with the outlines given in this map. On 
the contrary, the ical convulsions which took place between 

"period and period, produced such changes of level in the land as 
- completely to derange the outlines of land and water. Thus tho 


‘ 


 Anglo-Parisian basin not only changed its form and limits in 







periods of the Tertiary age the Ligerian basin had no existence. 
~ Previously to the convulsion in which the chain of the Pyrenees 

was elevated, the Pyrenean basin covered the ground upon which 

- that range afterwards stood, but after their elevation its shores 
were driven northwards and its dimensions considerably reduced, 

‘These changes of the outlines of land and water will, however, 
* be more clearly explained in the account we shall give of the 
successive periods of this age. 

463. The most striking characteristic of the fauna of the 
Tertiary age, was the extraordinary development which took place 
among vertebrated animals. It was then indeed that the land 
was first peopled by those mammifers so remarkable for their 
proportions and characters, such as the Anthracotheriums, the 
Paleotheriums, the Anoplotheriums (fig. 182), the Dinotheriums, 
the Toxodons, the Mastodons, the Smilodons, the Glyptodons 
(te. 183), the Megatheriums, the Megalonix, and many others. 
It was then also that the continents were first peopled by birds 
which would be pronounced colossal even beside the ostrich, and 

with salamanders as large as the present crocodile. Around this 
stupendous fauna was collected a flora on a proportionate scale. 
The seas were peopled by marine classes in a corresponding pro- 
portion, and almost as varied as in our own day. 

464. The generic animal forms, peculiar to present tropical 
climates, being found distributed indifferently in all latitudes, it is 
d that a general tropical temperature, as in former periods, 
|, and that consequently no isothermal lines or climatolo- 
tions existed upon the earth until the present period. 
umerous indications are also found among the geological 









































































| undulations of the earth’s crust which are still in pro 
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different periods, but in one totally disappeared, while in the first» 


ma, of the prevalence during this age of those slow and — 
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FIRST TERTIARY PERIOD, 0 


466, The first Tertiary stage in its mi characters 


mineralogical ee 
corresponds with the lower part of the Eocene group of Lyell, the = 
Nummulitie formation of Gras and other geologists, the Plastic — 


clay of Dufresnoy, Elie de Beaumont, and Mantell, and the 







Woolwich sands of Morris. risa 


467. After the general agitation produced by the geological 


convulsion which closed the Cretaceous age had subsided, anew 


fauna and flora were called into existence to people and clothe the 
earth. A generic synopsis of the former is produced in the 
following table :— 


Synopsis of the Animal Kingdom (exclusive of Annulata) during the 
First Tertiary Period. 


Genera. 





Total. | Created. | Revived. | Extinet. | Charie 
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4 < {Mammifers . 6 6 0 0 0 
ge TPG yw 1 1 0 1 1 
Sa | Reptiles . . 2 0 2 0 0 
> ® | Pis! Sista: te 91 83 8 oF of 
4 | Cephalopods . E 2 1 9 0 
% | Gastropods . . 70. | ~ 84 86 o oO 
5 } Lamellibranchia 35 5 30 1 L 
8 | Brachiopods . die. option 2 0 0 
ta \Bryozoa . . . 10 | 0 1.1 1 0 
ee as , } 
7 (Echinodermata./ 28 13 Me he 8 
<)Polyparia. . . 7 8 9 3 1 
5 4 Foraminifera 8 3 5 0 0 
Pe ( Amorphozoa 1 0 1 Doky ti) 
260 155 iM 45 





With the addition of one genera of Crustacea (squilla), the 
total summary of the generic forms of animal life in this period 


will then be 270, of which 156 were now first created, and the — 


remaining 114 revived from former periods. mages 
468. This period was remarkable for the great development of 
fishes, of which 83 new genera were created. Of the Mollusca, — 


the Gastropods were most developed, 34 new genera having © 


appeared. The total number of species of Mollusca and Radiata 
‘described in this period amounts to 678, which, however numerous, 
are inferior in number to the same divisions in some former 
periods. Before the Tertiary age, some few traces of the existence 
of Mammifers were found, but with the exception of a few 
jsolated bones, such traces everywhere consisted of foot-tracks. 
469, The commencement of the Tertiary age was, ! 





more especially signalised by,a prodigious accession to this | ig a. 
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Rhinoceros or Tapir, taking : 
signifying teeth, formed like the hairs of a mane. 
- "Tutra, & generic form of which the otter is the type. 

Canis, a generic form of which the dog is the type. 

» Fiwerva, a generic form of which the ferret is the type. 

- Seiurus, a generic form of which the squirrel is the type. _ 

470. The seas were enriched with a great number of animals 

hitherto unknown. The shores were animated by innumerable 

fishes, including many Pleuronectoids, or flat fish, whieh now 

for the first time (fig. 154). 

471, Among the multitude of Mollusea new to the world at 

this epoch, may be mentioned the Beloptera, Oliva, Tritons, 

Terebratulw, &e. The Zoophytes and Foraminifera no erterpe! 
m ating by their prodigious numbers for the minuteness 0 

ee atcsenaicns ; but the class from which the period took its 

most prominent character was that of the Nummulites, an animal 

of a round flat form, resembling that of a coin, from which the 

name of the class is taken (figs. 185, 186, 187). These animals 

are technically described as chambered spiral univalve shells. 

, Fig. 185, Fig. 186. Fig. 187. 





t Nummulites planulata. 

_ These Nummulites lived far from the coast, and their shells 
_awere deposited in layers of prodigious thickness upon the deepest 
- bottoms of the seas. 


472, At subsequent periods geological convulsions oceurred, by 


“which the conchiferous strata thus formed were forced upwards, 
0 as to form mountain ranges, An example of such chains is 

presented in the Pyrenees, where entire mountains are f 
ng of little else than the fossilised remains of these minute 
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is. It isastriking fact also, that it was of like materials 





473. The great duration of this first Tertiary. aa 
judged from the fact, that these nummulitie pase 





Joorlities a thickness of several hundred: yuedsy. Tho taxing 
flora of this period consisted chiefly of Cryptogamous Amphigenes, — 


Algw, and monocotyledonous Naiads. iss 

474, The terrestrial flora consisted of Cryptogamous Acrogenes, 
such as Hepatiew, ferns, Equisetacew or mares’ tails, Characes, 
Palms, Conifers, and Taxines. 

475, In comparing the geography of this period with that of the 
preceding, it will be seen that, while at some parts the seas are 
limited by the same shores, at others their outline is completely 
changed. Upon the northern and southern borders of the Anglo- 
Parisian basin, the shores lie within those of the Cretaceous age, 
leaving a band of ground, previously submerged, uncovered, On 
the south, the shores have retired still further, no traces of the 
deposits of this stage being found beyond the line which would 
pass through Montereau, Melun, Paris, Houdan, and Louviers. 
This basin extended in England, in an irregular direction S.W. 
and N.E., from Dorchester to Wells, passing through Dorset- 
shire, Wiltshire, Surrey, Berkshire, and Hertfordshire, in a 
direction which probably extended much further to the north 
over the ground now covered by the German Ocean. ¢ 

476, In the Pyrenean basin the northern limits of the sea were 
nearly the same asin the Cretaceous period. It extended probably 
from the Atlantic Ocean to the Mediterranean, covering all the 
space upon which the Pyrenees now stand as well as part of Spain. 

477. In the Mediterranean basin the sea entirely changed its 
place: Provence, which it formerly covered, was now occupied 


by fresh-water lakes, but the sea appeared above Grasse, in the- 


department of the Var; its western shore extended W.N.W. to 
Castellane, and seemed to follow the line now oceupied by the chain 
of the Alps to Annecy, and beyond that to Glaris. 

478, Beyond these limits this sea extended to the east, over 
Sardinia, Italy, the Tyrol, part of Switzerland, and communicated 
probably with Egypt, the Crimea, the Caucasus, and from the 
slopes of the Ural to India. Corresponding changes took place on 
the land, a fresh-water lake existed at Rilly la Montaigne. On the 
north of the Pyrenean basin the land was uninterrupted from the 
Ocean to the Mediterranean. 


479. A fresh-water lake covered the part of Provence between — ! 


Orgon, Martignes, and Aix. These and other details may be easily 
followed on M. d@’Orbigny’s map (fig. 181), where the seas of 
this period are distinguished by the shading number 24.00 
480. The dhanges which took place in the outlines of land and 
water in consequence of the convulsion which closed the Cretsseous 
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sapere nn, 
ese ‘paring those parts of the map (fig. 181), which 
have here indicated, with the parts of the map ( 
numbered 22.) 
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SECOND TERTIARY PERIOD. 


animal egetable world of the first period was 
onion by the ake produced by the elevation of the 
chain of the Pyrenees, which was attended with a general. per- 
turbation of the whole surface of the globe. The date of this 
conyulsion is identified with the first Tertiary period by the fact 
of the nummulitic strata which were deposited during that period 
being found dislocated along the entire extent of the Pyrenean 
The same dislocation elevated the tract of Bray in France 
and the country round Boulogne, both of which were submerged 
by the Anglo-Parisian sea. Parts of Surrey and Sussex in Eng- 
7 land, including the Wealden, were raised at the same time, 
a The second Tertiary stage includes the London oy cme 
; geologists e fresh-water and marine formation o orris, a 
part of yo of Lyell, the blue clay of Bracklesham, the 
grenaceous limestone of Bognor of Mantell, and the calcareo-arena- 
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i ae ceous system of Galeotti. eng 

; ae 482. The following is the generic synopsis of this period ; 

: E Synopsis of the Animal Kingdom (exclusive of Ann ulata) during the 


Second Tertiary Period, 
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and Annulata, the fauna of this period included 1571 
Mollusea and Radiata, which have been enumerated a 
by D’Orbigny. cela 
484. A great number of new animals abounded in the seas, the 
chief part of which consisted of new genera of fishes and Poly- 
paria or Zoophytes. It was in this period that the class of Cetacea 
or marine mammifers first appeared in the genera of the Dolphin: 
and the Balenodon. Among the Crustacea the generic forms of — 
crabs were first presented. 5 
485. Of the Zoophytes and Foraminifera, the Miliolw, charac-_ 
terised by its multilocular shell, and taking its name from milium, 
the Latin word for millet seed, prevailed in numbers so enormous, 
as to furm those strata of stone of which nearly the whole of the 
city of Paris is built. It is a curious circumstance, therefore, that 
one of the greatest cities of the world should owe its fabrication to 
the original industry of minute animals which lived countless ages 
before the creation of man. The prodigious multitude of these 
minute beings, which must have existed to produce the quarries of 
Paris alone, not to mention similar ones which exist elsewhere, may 
be imagined when it is stated that, taking into account the weight of 
these shells, it has been caleulated that a eubie inch of stone must — 
be composed of not less than two thousand millionsof them. = 
486, The marine flora of this period was generically similar to 
that of the last, differing, however, altogether in the species. 
Numerous land animals appeared for the first time, among which 
may be mentioned the following,—mammifers, apes and bats; 
birds (fig. 188), predaceous climbers and gallinaceous; reptiles, 































ADAMITE | 


serpents. The forestaof France and England abounded in generic | 
forms, of which baboons, rattlesnakes, and opossums are the living : 
: 8. A ; 

Nhe plains nourished Pachydermatous animals, called Paleo- 
therium, Anaplotherium, &c. (fig. 189), . 





Fig, 183.—onyPpropom CLAVIPEs. 





THE PRE-ADAMITE EARTH. 


* 
~“s, — io saurians of former pe riods had altogether 4 “ 

487. The gigantic saurian pe . CHAPTER IX. 
disappeared in the Cretaceous age, but a large ‘rece of ac tg: a 
and land and sea tortoises su led them. The Belemnites ans 439-490. Great change in the Pyrenean and Mediterranean basins, — 
ee al at vred shells had disappeared from the seas, the Nautilus 491. Land and water in the United States.—492. Effect of the eleva- 
their cham a ee » tion of the Pyrenees,—493. General prevalence of tropical climate,— 
alone remaining. : _— : new conifers 494. Great change in the Mediterranean basin,—495. Sketch of part 

The cicadew totally disappeared from the flora, and » * ; of Western Europe by Elie de Beaumont. Turep Tertrany Prriop. 
with dicotyledonous plants and palms, appeared in the conire 0 496. Mineral character of the stage.—497. Convulsion which pre- 
: - : sent have receded into Africa, show- ceded the period.—498, Outlines of land and water.—499, Marine 
Europe,—plants which at present have 1 : - : 

ws GM an - f the continent then corresponded fanna and specific forms of Mollusca and Radiata. Fourri TERTIARY 
ing that the mean temp EROaTA. Of con “i Pentop. 500, Mineral character of the stage.—501. Synopsis of 
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488. The outlines of land and water underwent impor ant 503. Convulsion which preceded theperiod— Disappearance of Anglo- 

“ae rita Pan lsions which preceded this Parisian sea—Ligerian basin. —504, Pyrenean basin. —505, Marine 
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changes seq ee: ‘ are ee ae ro gulfs fauna.— 506. Enormous increase of land animals, including the 

jod. The Anglo-Parisian basin was divided into two gulfs, aueric forms of the bear, the cat, the wennel, the asat, th 
pri letely separated by a tract passing through its middle in a generic forms bear, the cat, the weasel, the seal, the mouse, the 
compe y separa Bie” he oe a 


at ° . } } sins hus beaver, the rhinoceros, the tapir, and the s 507. G . 
ot eas a wes The two separate a thus ’ 1e stag. — 50 
direction ne arly east an 1 est. 1 07 reat inere 


of reptiles and fishes, including snakes, frogs, salamanders, perch, 
, d are marked on the map by the shading 25. The northern herring, and carp,—508. Flora, including the generic forms of various 
orme Ps ’ 
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-Mammifers, —521. Bone aries VF euth.—522. Re- 
— 523. Was creation at simultaneous, — 








524, Proofs in the affirmative.—525. Was there a progressively 

~ inereasing of organisation —526, Number of orders in the 
respective strata. —527. Of genera in the orders.—528. Increase and 
> @ecrease of genera in the orders.—529. Orders in which the decrease 
took place, —530. Orders of fishes. 





















489, Grearer changes still were produced, as indeed might 
be expected, in the Pyrenean basin. While its northern 
shores remained nearly the same, the southern limits were 
altogether changed. The sea, which in the preceding period 
covered all the ground upon which the Pyrenees stand, ex- 
tending over part of Spain, was now driven back to the north, 
and occupied only a very small basin near Bordeaux, marked 25 
on the map. 

490. The same cause produced a considerable change in the shores 
of the Mediterranean basin, which no longer communicated with 
the Pyrenean basin, its western shores being driven back towards 
‘ the east. Itis probable that its western shores commenced near 
i Nice, passing near Faudon and St. Bonnet, the site of the Higi 

es Alps, from which, however, that chain had not yet arisen. From 
thence the shores of this sea were continued to Bex in Switzerland, 
where all traces of them are lost. 
bi? 491. During this period, a considerable tract of the United 
6 States, extending from 31° to 39° lat., which had been raised 
i above the waters since the end of the Cretaceous age, became 
, 80 that the sea probably extended without interrup- 
tion from Paris to the southern part of North America. 

492. Corresponding changes took place in the land by the 
elevation of the chain of the Pyrenees, which presented a barrier 
to the progress of the ocean, and which left high and dry not 
only the mountain range itself, but also the interval included 
bet that and the central plateau of France, so that Languedoe 
and Provence, and the surrounding country, formed one great 


- 493, The of marine species identical with those 
deposited in the Anglo-Parisian basin in the seas by which the 
ty states of America were submerged, and the discovery 

generic forms of marine animals 



































































Se “apes, tt £ and i a ‘ 
and plants proper to warm climates in all parts of Europe, and — 
i ‘Isle of Sheppey, in England, prove that, at this epoch, — 
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the temperature of the ceviiiiala. | regions : 
rally throughout Europe. 

404. During this peviod, the Medikessumeas. asian 
crepes patches of water, which 
and in the region wpon which the French now stand. These 
are marked upon the map by the number a 
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495. Before the geology of Western Europe, in relation to this 


age, was submitted to the elaborate analysis of M. D’0: 

oe ry are explained above i resulted, i. ie 
Beaumont published a map of its h 

peniod, of which we give a reduction in fig. 190. i 
It will be seen that, according to this, the Anglo-Parisian 





Fig. 190,—Map of Western Europe during the Second as ee 


basin was not inferred to be divided i sepa te gulf 
above described, but an insular tract a a to be po 


around the country of Bray in France, and another around the 


Wealden in England, 


The Pyrenean basin is represented as limited 
hse Dich, ltrdas prdabing heween pete grag. 
de heh ee 


The basin was assumed by M. Eli pe ¢ 
between Paris and the Lizant Point, ae om Pricer 
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THIRD TERTIARY PERIOD. 


496, The strata deposited during this period, according to 
 M. D’Orbigny, correspond with the middle terrain fertiaire and 
gres de Fontainebleau of MM. Dufresnoy and Elie de Beaumont, 
the Tongrian, Rupelian, and Bolderberg strata of M. Dumont, the 
Molasse of Switzerland, the Faluns bleus of M. Grataloup, and, 
in fine, with the fifth group of M. D’Archiac. . 

497. The second Tertiary period was closed by the convulsion 
which raised the system of Corsica and Sardinia of M. Elie 
de Beaumont. Upon the re-establishment of tranquillity, a 
new fauna was created, consisting of 425 species of Mollusea 
and Radiata, independently of the vertebrated and annulated 
classes. 
$98. The outlines of land and sea underwent several changes, 
the results of which will be seen on the map, the seas during this 

iod being indicated by the shading marked 26a, fig. 181. The 

basin was limited to a space round Paris, between Provins 
and Evreux, east and west. The Pyrenean basin covered the space 
similarly indicated and shaded, a tract of dry land, however, 
remaining to the N.W. of Blay. In Belgium, the seas ad- 
vaneed-to the N.E., as far as Limbourg, in the neighbourhood of 
Maestricht. 

499. The marine animals of this period, though generically 
identical with those of the succeeding one, were, nevertheless, 
specifically distinguished from them. This distinction has not, 
however, been clearly indicated, except in the case of the Mol- 
Jusea and Radiata, 428 species of which M. D’Orbigny has iden- 
tified with the deposits of this period. The flora included nearly 
the same generic forms as in the preceding epoch. 



































FOURTH TERTIARY PERIOD. 
~ 500. The strata deposited in this period, according to D’Orbigny, 
: include part of the middle Tertiary and Falunian of MM. Dufresn 
Lata Beaumont, the Molasse, Falunian and Crag of M. 
- Cordier, the superior order of Conybeare, and the Miocene and 
and Norfolk Crag of Sir C, Lyell. 
The following is the generic summary of the fauna, which, 


r to the third stage, — 





_ tinuous stratum. 


| Paiute: certain number of genera of the Vertebrates 
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Fourth Tertiary Period. 


Synopsis of Get dhol Kingdon (eadaaite qf Aenean Me | 


| 
) 
| 


















| Total, 
Maromifers , . die peer : 
Bd {binds see Oy ee oe 3 3 , 
Sg} Reptiles. . | 18. |. 7 6 3 - 
| Pe | Fishes. . >.) 98 7 ) 2 1 i 
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< ,Cephalopods . ee 1 20° 
| 8] Gastropods . or | 90 for | i i 
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With the addition of fourteen genera of Crustacea, it 
appears, therefore, that this fauna consisted of 422 genera, of 
asa Nad were new, and the remainder revived from preceding 
periods, 

502. Independently of several hundred species of Vertebrata 
and Annulata, 2754 species of Mollusca and Radiata proper to 
this period have been catalogued and deseribed.* 

503, The third period was closed, and the present preceded 
the dislocation which produced the system of the Isle of Wight, 
of the Tatra, of the Rilodagh,.and of Mount Hemus, as shown by 
M. Elie de Beaumont. After the re-establishment of tranquillity, 
the outlines of sea and land had undergone considerable 2s. 
The water by which the Anglo-Parisian basin had never ceased 
to be submerged since the Triassic age, retired, and left all that 
region dry land, A new sea, however, was formed in the west of 
France, to which the name of the Ligerian basin has been given 
by M. D’Orbigny, and the limits of which are indicated on the 
map by the shading marked 26 6, fig. 181, The by this 
basin was, however, by a subsequent convulsion, _ into 
patches, so that, at the present time, it does not present 
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504. The Pyrenean basin was contracted within the Timnits 


marked on the map 26 6, fig. 181, The Mediterranean basin under- 


* Prodrome D'Orbigny, vol. iii, p. 25 e€eeq. 
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went a complete change of form. Tt now submerged a vast surface, 
~ which was replies OF , included between Montpelier and 

‘atract to the west of Marseilles, extending on the north into 
the departments of the Gard and the Drome. It extended also 
to the N.E. as far as the tract upon which the Lower Alps 
stand. Another arm of this sea turned to the N.N.E., cover- 
ing part of Savoy and Switzerland, and extending probably 
to Vienna and still further in that direction, Thus three seas 
were still found in the west of Europe—the Ligerian basin 
taking the place of the Anglo-Parisian basin. In England, 
the Anglo-Parisian basin was limited to Suffolk and Norfolk, 
where it covered the whole coast, and it probably extended 
from thence across the Channel into Belgium, covering the land 
around Antwerp. 

505. The seas during this period were peopled by numerous 
animals unknown to any anterior epoch. Not less than 59 
marine genera appeared for the first time, among which the 
Gastropods amounted to 20, and the Foraminifera to 15. 
Among the Crustacea which now first appeared in the seas, were 
included the generic forms of which the Hermit erab and the 
Lobster are types. 

506. But it was by its land animals that this period, compared 
with all former ones, was more especially remarkable. It appears 
by the table, that of the 57 genera of Mammifers ascertained 
to have lived in this period, 47 had never before existed. Of 
these genera a great number, remarkable either for their magni- 
tude or their peculiar forms, have become extinct, among which 
may be mentioned Palwomys, Macrotherium, Dinotherium, 
fig. 191, Toxodon, and Mastodon. Among the forms which 





Fig. 191.—Dinotherium giganteum. 


have survived, we find living types in the bear, the cat, the 


and the stag. 
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weasel, the seal, the mouse, the beaver, the rhinoceros, the tapir, - 


FIFTH TERTIARY PERIOD, 


507. Among the reptiles which now appeared for the first time 
were generic forms, whose types are snakes, frogs, and sala- 
manders, and among the fishes, those of which the types are the 
perch, the herring, and the carp, fig. 192. 

508. The flora of this period included Amphigamous erypto- 
gamia (Algw and mushrooms), Acrogenous cryptogamia (Mosses 
and ferns), Monoeotyledons, Dicotyledonous gymnosperms 
(numerous conifers), Dieotyledonous angiosperms (birch, alder, 
oak, beech, elm, tig, plantain, poplar, laurel, rose-tree, acacia, 
sumach, nut-tree, sloe-tree, maple, red-jasmine, madder.) 

509, The presence in all the European seas of species, both 





Pig. 192.—Lebias Cephalotes. Cyprin (Carp), 


animal and vegetable, now peculiar to the Torrid Zone, proves 
that there prevailed, in this period as in the former, in France 
England, and Germany, and probably in all other parts of the 
globe, a uniform temperature similar to that which now charae- 
— the tropics. Glimatological lines had not therefore yet 
existed, 


FIFTH TERTIARY PERIOD, 


510. The strata deposited in this period corresponded with the 
older Pleiocene of Sir C, Lyell. 

511. The following is a generic synopsis of the fauna, with the 
xception of three genera of Crustacea. 
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Of the Mollusca and Annulata alone 606 species have been 
and deseribed. The fourth or Falunian period, as 
M. D'Orbigny has named it, was closed, and the fifth or sub- 
Apennine preceded by the geological convulsion, in which the 
Western Alps burst through the terrestrial crust and were elevated 
to their present relief. 
_ 612. The seas had again completely changed their beds in 
oe Europe, and especially in France. The three seas, which in the 
preceding “period submerged the Ligerian, Pyrenean, and Medi- 
if terranean basins were now completely dried up, none remaining 
except small patches of water on the borders of the Mediterranean, 
in the departments, in the East Pyrenees, and in the Herault, 
near Montpelier. It appears, therefore, that in France land and 
water now assumed very nearly the forms which they possess at 
present, but in Piedmont the province of Asti was still sub- 
merged, as well as part of Italy, a tract round Vienna, and a 
great part of Eastern Europe. 
- 618, Corresponding changes took place in the land. Switzer- 
- Jand, Savoy, the French departments of the Jura, the Ain, the 
Isére, the Higher Alps, the Lower Alps, the Dréme, Vaucluse, and 
the Bouches du Rhéne, which had been severally to a greater or 
Jesser extent submerged, during the Jurassic and Cretaceous 
and during the previous periods of the Tertiary age, were 


and dt 
“ ised above the waters, and formed part of the general 
























. 








a ee 


514, Although the western part of Europe, including France 
and part of Switzerland, were no longer erged by the sea, 
sheets of fresh water existed in certain places, 3, accord 
to M. Beudant, a lake existed in France, extending north a 
south from Langres to Valence, fig. 193, and a ] 
Provence, between Sisteron and Verdon, ‘The channel of Al 
also, according to this geo- : 
logist, still comfhunicated = 
with the ocean, and that |") 5 
of Piedmont, commencing 
from Nice and Genoa, was 
conneeted with the seas 
which washed the Apen- 
nines. 

515, The seas of Mhis 
period were peopled with 
the same generic forms as 
in the preceding, with the 
addition, however, of some 
new genera of fishes, such 
as the Gobius (gudgeon), 
Esox (pike), Cobitis (loach), 
Aspius (blay), and Tinea 
(tench). iaaae : 

516, The terrestrial fauna included a vast variety of forms, 
remarkable by their proportions and characters, Among the 
Mammifers were the Glyptodon, fig. 183, Megatherium, fig. 194, 
Megalonyx, Mylodon, fig. 195, and Mastodon, all of which are 
extinct. Among the genera which have since reappeared under 
other specific forms were elephants, fig. 196, hippopotami, camels, 
giraffes, horses, stags, fig. 197, p. 146, armadilloes, fig. 198, and 
sloths, 

517. Among the birds were included genera of which the 
following are types, the vulture, eagle, swallow, woodpecker, 
chat, annabate, lark, moth-hunter, a pheasant, 
common fowl, guinea-fowl, flamingo, | wl (hibou), rail, 
cornerake, goose, loon, duck, gull, ioe pay 


618. Among the reptiles of this period must. especially be ‘ 


noticed the celebrated gigantic Salamander, fig. 199, found in the 
lacustrine limestone of (2ningen, The first specimen of this 
fossil which was discovered obtained much notoriety having 
been described as a human skeleton, under the fanc » of 
Homo dilueti testis—a man who was witness of the deluge, 
Cuvier examined this specimen, and ascertained it to be the 
remains of a species of aquatic salamander. hesetesie~ a 

































Pe SSS ee ha: 
2 + EM 
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519. To nourish the 
covered the land in such numbers 








Fig. 195.—Mylodon robustus. 


Ocean, and which at present are found only in those tropical 
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FIFTH TERTIARY PERIOD. 


regions clothed with the richest vegetation, nature presented 
everywhere during this period the most varied and exuberant 
flora, which ineluded nearly all the vegetable forms enumerated in 
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the preceding period, with the addition of numerous others, among 
which may be mentioned liquidamber, willow, myrtle, anemone, 
plum-tree, magnolia, holly, rhododendron, azalea, &e. 
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520, Itis to this geological period, that the prodigious numbers 
of Mammifers found in the strata of the Pampas of Buenos Ayres, 
and in the caves which are scattered in such vast numbers over 
the continents of Europe and America, and even in Australia, are 
ascribed. In the Brazils are numerous bone-caverns, which 
contain genera still inhabiting the South American continent, 
though differing from the living species. It is worthy of especial 
notice, observes Dr. Mantell, that the bones of a species of horse 





occur in these accumulations, for when the Spaniards invaded 
the country, horses were wholly unknown to the inhabitants, 
who, on seeing a Spaniard on horseback, supposed that the man 
and horse composed a single animal. It is a marvellous event 
in the history of the world, that a native species should have dis- 
appeared, and should have been succeeded in after ages by count- 
less herds of the same genus introduced by man’s intervention. 

621, One of the first bone-caves which attracted attention was 
that of Gaylenreuth in Franconia, a section of which is shown 
in fig, 200, 

The entrance of this cave, about seven feet in height, is placed 
on the face of a perpendicular rock, and leads to a series of 
chambers from fifteen to twenty fect in height, and several 
hundred feet in extent, ina deep chasm. ‘The cavern is perfectly 
dark, and the icicles and pillars of stalactite reflected by the 
torches present a highly picturesque effect. The floor is literally 
paved with bones and fossil teeth, and the pillars and corbels of 
stalactite also contain osseous remains. Cuvier showed that three- 
fourths of the remains in this and like caverns were those of 
bears, the remainder consisting of bones of hyenas, tigers, wolves, 
foxes, gluttons, weasels, and other Carnivora, 
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Fig. 109 —Fossil Salamander (Andrias Scheuchzeri). 
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RETROSPECT OF PRE-ADAMITE AGES. 


RETROSPECT OF THE PRE-ADAMITE AGES, 


522, Upon a review of the history of the earth previous to the 
appearance of the human race and its contemporary ‘fauna and 
flora, as briefly sketched in the preceding pages, several con- 
siderations of high interest respecting the progressive development 
of organic life upon it present themselves. 

Naturalists have grouped the animal world into the 20 classes 
indicated in the table given in (244), and have subdivided these 
classes into 77 orders. Each of these 77 orders is again resolved 
into a certain number of generic forms. 

It will be matter of obvious interest to inquire in what manner 
the author of nature has proceeded in the work of creation, first, 
in considering each act of creation in itself, and independently 
of the others ; and secondly, in comparing one with another the 
successive creations described in the preceding pages. 

523. Were all the forms of organie life, which existed upon 
the earth at any one epoch, called simultaneously into being ? 
The habits and economy of animals answer this question. In 
relation to their modes of nourishment they may be resolved into 
two classes: the first, herbivora, consisting of those which feed 
on vegetables; and the second, carnivora, of those which feed 
either partially or exclusively on other animals. 

It is clear, then, that the creation of the vegetable world must, 
in each case, have either preceded or have been simultaneous with 
that of the herbivora, since a class of animals could not be created 
without a provision of a food of saitable quality. 

For a like reason the creation of herbivora must either have 
preceded or been simultaneous with that of carnivora. 

524, That all parts of the earth were simultaneously peopled, 
not only at the first creation which took place upon it, but at all 
succeeding ones, is proved by the fact that the same animal and 
vegetable forms are found deposited in the same strata in all parts 
of the earth. The animal forms, for example, preserved in the 
Paleozoic strata of Europe are identical with those found in the 
corresponding formation in all parts of the world, however 
distant from each other, and the same is true of the Triassic, 
the Jurassic, and all the other groups of strata. 

525. The second question, whether creative power manifested 
itself by a progressive development of organised forms, may be 
considered either with relation to orders or generic forms. 

Of the seventy-seven orders of animals, an obviously inereasing 
——" of development will be apparent on comparing age 
with age. 
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he numberof orden of 
| in the strata are as follows — 





Paleozoic formation + 81 | Cretaceous ; 
Triassie . = . « 21 } Dertiary < t>* ae 
Jurassic ° ‘ 41 | Existing period . oe ue 


These figures show that the orders of animals are in constantly 
increasing progression. ‘The exception presented by the Triassie 
group may probably be explained by the want of suflicient 
observation of its organic remains. 

527. This constant increase does not prevail with the genera. 
In each period each order consisted of a certain detinite number 
of genera. Now, on comparing the number of genera of which 
each of these orders consisted, from period to period, it will be 
found that while some continually increased, others having in- 
ereased up toa certain date, attained their maximum, and then 
decreased, and that the decrease has continued to the present 
time. 

628. Of the seventy-seven orders, it has been found by com- 
parison of the organic remains of the succes ssive periods, that sixty- 
three have had a continually increasing number of genera from 
their first appearance to the present epoch, but that the numbers 
of the genera of the other fourteen respectively after increasing to 
a certain period, then decreased, and that this decrease continued. 

529. Six of these fourteen orders acquired their greatest gene- 
rie development in the Palwozoic period. These six consisted 
of two orders of Fishes, one of Crustacea, two of Mollusca, and 
one of Radiata. 

530, The two orders of Fishes are those denominated by 
naturalists the placoids and the ganoids, Of the former the shark 
and the ray, and of the latter the sturgeon, are living examples. 
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Fig. 197.—CERVUS MEGACEROS CUVIERI, 


THE PRE-ADAMITE EARTH. 
CHAPTER X,. 


531. Examination of orders.—532. Relative numerical proportion.—533. 
No progression discoverable in these.—534. Examination of generic 
development.—535, Similar result.—536, In the Radiata and Mol- 
lusea, — 537, Annulata,—538. Vertebrata. —539. No progress in- 
dicated.—540. Organs of ancient animals—541. Examination in 
relation to respiratory organs.—542. Lower divisions. —543. Bran- 
chial respiration —544, No essential change.—545. No progression 
observable. —546, Tracheal respiration. —547, Pulmonary respira- 
tion.—548, Composition of atmosphere unchanged.—549. General 
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First appearance of climatological zones,——562, Un- 
successful attempts to explain the uniform distribution of species in 
former ages.—563. The formation of downs— littoral deposits and 
"the. filling of lagoons and deltas supply chronological data of the 
af : —64. Consistency of the Mosaic history with geological 
‘ The future of the earth.—566. Accordance of the 
narrative in Genesis with geological facts.—567. Figurative use of 
/ the word day in accordance with common custom.—568. The divi- 
{ of the land from the water.—569. The creation of the vegetable 
- \ 70. First creation of marine tribes and birds.—571. A 
Som iF order observed in geological phenomena.—572. Creation of 
—573. Correspondence with the Tertiary age.—574. 
of the human race in the actual age.—575. Accordance 
of Scripture with geological discovery.—576. Conclusion. 


681. Tux order of Crustacea was that of the 7rilobites, those of 

‘ the Mollusca the Tentaculiferous Cephalopods, and the Brachio- 

: pods; and that of the Radiata the fixed Crinoids. Two had their 

greatest number of genera in the Jurassic period. These were 

the Saurian reptiles and the Free Crinoids, Four had their 

t number in the Cretaceous period, of which two were 

and two Radiata. In five, two had their greatest 

ge development in the Tertiary period, both being Mam- 

—" one os seat and the other Edentuta, The elephant 
‘is a living example of the former, and the sloth of the latter. 

eae From what has been stated, it appears that of the seventy- 

<— seven orders of animals, thirty-one were called into existence 

during the Palwozoic period. These were distributed among the 

four principal divisions of animal forms, as follows :— 


Vertebrata . > : ’ : ae 
Annulata * ¥ ‘ P yw Ae EE 
Mollusea . “ » E ‘ «i B 
Radiata . ‘i F t “ treo 


= 632, Thus the four principal divisions of animal forms were re- 
presented at the first moment of creation, in a relative numerical 
‘tion not very different from that in which they still exist. 
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that creative power manifested i [4 


"result is completely incompatible with a notion which has — 
prevalent, tele by 


a 


globe to the human period. z 


the highest order of organisation, Mammifers and Birds, appeared 
in any considerable numbers upon the globe, and more especially 
the fact, that the human race did not appear until after the close 
of the Tertiary age. 

533. That the conclusion thus deduced is a premature gene- 
ralisation, will appear from an examination of the classes and 
genera which have prevailed, during all the successive ages from 
the Palmozoie to the human. 

If the supposition of progressive improvement in organisation 


H were well founded, it must naturally be expected that in the 


earliest period of the Palwozoie, the lowest orders only of organi- 
sation would appear, and that consequently the Radiata alone 
: would be found there, while on ascending through the sueceeding 
periods of the Triassic, Jurassic, Cretaceous, and Tertiary ages we 
should find gradually appearing the more perfect orders of Mol- 
lusea, Annulata, and Vertebrata. On the contrary, it appears, 
from what has been stated, that in the Palmwozoie age animals of 
all the orders from the lowest to the highest were created in a 
proportion not very different from that in which they now exist. 
534, It will be interesting, however, to consider the characteris- 
ties of the organisation of the genera composing each of the orders 
existing at each successive period; for although no progressive 
increase of perfection might be manifested with regard to the 
orders, such progression might nevertheless appear in the genera 
of these orders created from period to period, 
535. A due examination, however, of the genera of the several 
orders existing at each period will skow that no such pro. 
gressive increase of perfection in the organisation has tds 
manifested. 
536, Of the Radiata eight orders were called into being in the 
Paleozoic age, and none of superior organisation in the sueceed- 
ing ages. Indeed a rigorous examination of the succession of 
fauna of this division leads to the contrary conclusion, showing that 
the most perfect prevailed in greatest numbers at the earliest ages. 
- similar examination of the division of Mollusca gives a like 
result, no gradually increasing perfection of organisation being 
diseoverable. : A Gamelan 
537. In like manner the supposition of progressively improved 
organisation from age to age would lead us to expect ax Asay 
lated animals all the orders of rears, r 
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a gradually increasing degree of org “perfection om one : 
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The only facts which have given colour to this supposition, are 
the lateness of the period at which the Vertebrated animals of 




















































































ealled existence during the Palwozoic age there are three 
orders of insects—the Coleoptera, Orthoptera, and Neuroptera ; 

one of the Arachnida, four of Crustacea, one of Cirrhipeds, and 

two of Annalids. Thus, as in the former case, all the classes are 

fairly represented, But we find further in these classes, among 

the three orders of Insects and four of Crustacea, the most per- 

fectly organised of each class. We have therefore, in the ease of 
the Annulata, the same results as were obtained in reference to 

the other two great divisions of the animal kingdom—the most 
perfectly organised being produced in the earliest ages ; and not 
only was this the case, but they even there obtained their greatest 
development. 

538, Although, as we have already stated, the Vertebrata present 
striking facts in favour of the supposition of progressive improve- 
ment already mentioned, a due examination of all the cireum- 
stances attending their gradual development, will show that no 
real progressive organisation has been manifested in them. 
If the supposition of progressively improving organisation 
were well founded, it must be expected that the Vertebrate 
> animals of less complete organisation alone would appear in 

the Palwozoic age. We find on the contrary among the three 

orders of Vertebrata which appeared in that age, the Saurian 
reptiles and the Placoid and Ganoid fishes. Now, although 

mammifers and birds did not appear, the reptiles which did 

have a superior organisation to other orders which 

later, such as serpents and Amphibia. The fishes of this 
epoch also are evidently superior in their organisation to many 
of the orders which appeared later. Although, therefore, only two 
of the fuur classes of the Vertebrata appeared during this age, 
of these two the most perfect specimens appeared the earliest, 
jn contradiction to the supposition of progressively increasing 
perfection of organisation. 

The Triassic age presented traces of the existence of the order 
of birds called Waders, and of Chelonian reptiles (tortoises). It is 
curious here to find at an epoch so remote in the history of 
the globe, birds the most perfect of the aerial Vertebrata, and the 
Chelonian reptiles, the most perfect of their class. 

‘Phe Jurassic age presented no new orders of Vertebrata. The 
; us age presented one order of birds, the Web-footed ; 
two of fishes, the Cycloids and Ctenoids, both less perfect than 

those of the Palmozuic age. : 

; © Tt.was only, herefore, during the Tertiary age that the other 
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PROGRESSIVE ANIMALISATION, 


orders of Vertebrata appeared. The orders of birc which i 


appeared at this most recent epoch were not more 

organisation than the waders of the Triassic age, while the orders 

of reptiles, including the serpents and Amphibia, were nly the 
lowest in organisation of this class. tie 

539. It appears, therefore, that of the four classes of Vertebrata, 
which appeared from the earliest geological age to the present 
time, two, the reptiles and fishes, instead of proceeding according 
to the supposition of progressively improving organisation, 
showed a series of changes of a directly opposite character, the 
most perfect being the earliest, and the least perfect the most 
recent; while the class of birds, with reference to their organi- 
sation only, and without reference to their number, remained 
stationary from the Triassic to the actual period. 

540, A question of high philosophical interest arises in reference 
to the progressive animalisation of the globe, which admits of solu- 
tion by a due examination of the organic remains deposited in 
the strata of the earth. This question is that of determining if 
the various orgaus of the most ancient animals have remained the 
same from the commencement of the world, or if they have been 
modified in consequence of the changes which may haye taken 
place in the external conditions of their existence. 

541, Of all the organs, those of respiration are most i 
connected with this. question, The several modes of 
respiration are as follows :— sie 
1, Cutaneous respiration, made by the whole surface of the body, 

and not by any special organ appropriated to that function, 

2, Aquatic respiration, made by means of branchia, or gills; a 
special organ adapted to disengage the oxygen of the air 
from the water and appropriate it to the vital functions. 

3. Tracheal respiration, with which animals are endowed which 


live in the atmosphere, and appropriate its oxygen to the vital — 


functions by means of trachem. &s 
4. Pulmonary respiration, which is performed by lungs, as in the 
case of Mammalia generally. eas 
Marine animals respire either without any special organ and 
by means of the whole surface of their bodies, or by branehia 
(gills). 


classes of Echinodermata, Polyparia, Foraminifera, and Amor~ 
phozoa, appeared on the earth in the Paleozoic in various, 
degrees of perfection. We have therefore here, in the first epoch 
of creation, all the forms of cutaneous respiration. — 3 


ets aude 
643. The animals which have aquatic, rapition by meant 








542. The animals which respire without any special organ, are 
those of the lowest degree of organisation. Of these all the four — 
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i and among the Vertebrata, all the fishes. We find 
lL in the Paleozoic age; and, on 
from age to age, no modification of the respiratory apparatus is 
manifested. The living species which have branchial respiration 
to the same class as those which exercised like functions 
during the Paleozoic age. 

544. All these circumstances lead, therefore, to the conclusion 
that the external conditions in which animals exist have undergone 
no essential change since the Palwozoic age, inasmuch as the organs 
of respiration have remained the same, a conclusion which is still 
further confirmed when, descending from the orders, the genera 
are examined. 

- 645. In fine, to the question whether the marine animals have un- 
dergone any change in their structure since the first animalisation 
of the globe, or if they have greatly improved in their organisation, 
we may answer without hesitation by an absolute negative; for 
these primitive genera, or those most closely allied to them, which 
still represent them on the earth, prove that they had from the 
first. the organic characters which they still preserve—that they 
have undergone no gradual improvement in organisation—that 
the medium in which they lived at the earliest epoch of the 
creation was the same as at present—that, therefore, no great 
change has taken place as to the conditions of vitality of these 
beings, and that the seas in which they then existed are essentially 
similar to those which they now inhabit. 

» 546. All the terrestrial animals, whether of land or water, which 
breathe otherwise then by branchia, belong to the two classes 
which breathe either by trachea or lungs. 

Less perfect than pulmonary, tracheal respiration is peculiar to 
the class of insects and some Arachnida. We find this function 
perfectly represented in the animals of the Palmwozoic epoch. As 
has been already stated, Coleoptera, Orthoptera, and Neuroptera, 
all of tracheal respiration, have been discovered in the Palwozoie 
strata. As these insects belong to the same or analogous genera with 
those which now exist, we must assume that they were endowed 
with the same respiratory organs. We arrive, therefore, at the 
conclusion, as well for terrestrial animals which breathe by 
trachea, as for marine animals, that the respiratory organs have not 
undergone any progressive improvement, and that this class in 
the cradle of nature was what it still is; in fine, that the medium 
of its terrestrial existence has always been the same, since the 
first animalisation of the globe to the present time, 
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Pulmonary respiration prevails in three of the principal 


GENERAL CONCLUSIONS, =” 


divisions of the anid] kingdom, the -Vattsbetiia, dikinlahdy-anill . 


the Mollusca, me nih a em 
_ The Annulata of early geological epochs, which had "y 
respiration, belonged to the order of Arachnida, ' ed 
the Carboniferous strata, one of the Palmozoic group, the remains — 
of an Arachnid (281, fig. 143), already mentioned, closely allied 
to the scorpion, which it is impossible to doubt had the same 
organisation as scorpions of the present day, and must, therefore, 
have lived under like conditions of animal existence. a 

548. Considered in relation to their geological date, Vertebrata 
breathing by true lungs are found during the Paleozoic age in 
the form of Saurians, the most perfect of reptiles. During the 
Triassic age tortoises and birds appear, which of all animals have 
the pulmonary system the most developed. It must, therefore, 
be inferred, that at these remote epochs, the medium in which 
birds and reptiles breathing the air by lungs lived, was little if 
at all different from the medium in which similar classes now 
live, which leads to the conclusion that, at this early period in the 
history of the globe, the composition of the atmosphere must have 
been nearly the same as at present. 

549, All these considerations lead to the following general con- 
clusions :— » nd 

First. If the supposition of a gradually increasing perfection of 
organisation were admitted, we ought to find all the animals 
endowed with mere cutaneous respiration in the first stages of the 
world, and the others, proceeding successively from age to age, 
endowed with branchial, tracheal, and pulmonary respiration, 
whereas, on the contrary, we find in the very first epoch of the 
animalisation of the globe, all the modes of respiration i 
at once—a conclusion entirely at variance with the supposition of 
progressively improving organisation. 

Secondly. Whether we compare together the increasing or de- 
creasing development of zoological forms, or the dates of the 
appearance of the orders of animals with the perfection of their 
organs; or take for the basis of our comparative researches 
the physiological conclusion deduced from the mode of respiration 
by animals, we uniformly arrive at the same negative results 
relatively to the supposition of progressive improvement of animal 
organisation. We must, therefore, accept it as proved, that no — 
such progressive improvement has existed. 

Thirdly. No appreciable modification being found in the organs 
of respiration of animals from the most ancient epoch to the 
present, a great number of genera having always existed —— 
same characters since the first animalisation of the | it must — 
be inferred that the vital elements have not es 
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: of existence being always the same, no 
in these media can be »dduced as a cause for the succes- 


sive extinctions and reproductions of the fauna of the earth, 
which have been manifested by geological phenomena as taking 
place during the successive geological periods, a conclusion of 
immense importance in the history of the globe. 
_ Fifthly, All the researches which have been made in the fossil 
fauna, deposited in the strata of the earth, lead to a conclu- 
sion of high geological importance, that, until the epoch which 
immediately preceded the appearance of the human race and its 
contemporaneous tribes upon the globe, all that part of the earth 
which has undergone a close and accurate geological survey, 
including France, England, Germany, Italy, Switzerland, Spain, 
Portugal, part of Russia, and the adjacent seas, were inhabited by 
@ fauna altogether tropical, and such as is at present found only 
underthe torrid zone. Weare forced, therefore, to the conclusion 
that, until the present period, the isothermal zones now observed 
had no existence. 
650, Of 1473 fossil genera hitherto discovered, 16 only are found 
to exist in all the stages without exception. The remaining 1457 
are distributed in different proportions throughout the stages. 
In some cases it is seen that certain genera are only found ina 
single stage ; in others they prevail in two stages; in others in 
three or more; but, save in rare and exceptional cases, when 
prevail in two or more stages, these stages are in regular 
succession. This persistence of the genera is a very 
t geological and paleontological fact. The exceptions to 
it do not exceed 3 per cent. of the entire number of fossil genera, 
and may, therefore, be regarded as arising from some accidental 
cause. 
651. This peculiar distribution of generic forms of the 
fossils, supplies to the geologist most useful stratigraphical 
tests. Thus, if a genus known to exist only in one peculiar 
geological stage, be found in any part of the crust of the earth 
whose structure has not been previously well ascertained, its 
may be taken as a certain indication of the character 
and position of the stage in which it is deposited. 


The Contemporancous Age. 
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"552, The disruption of the earth’s crust, extending W. 16° 8. 
snd B10", through which the chain of the great Alps was 
Ry 





| HUMAN PERIOD, 


forced up to its present elevation (220), which, according to 
M. D’Orbigny, was simultaneous with that which i 3 
Chilian Andes, a chain which extends over a length of 3000 
miles of the Western Continent, terminated the Tertiary age, and 
preceded immediately the creation of the human race and its 
concomitant tribes. The waters of the seas and oceans, lifted 
from their beds by this immense perturbation, swept over the 
continents with irresistible force, destroying instantantously the 
entire fauna and flora of the last Tertiary period, and burying its 
ruins in the sedimentary deposits which ensued. 

553, By this dislocation, Europe underwent a complete change 
of form, Among the most remarkable effects were the separation 
of the British Isles from the mainland by the subsidence of the 
land between Brittany and Normandy on the one side, and Corn- 
wall and Devon on the other, and the consequent irruption of the 
sea. The Mediterranean, separated from the ocean, enlarged its 
limits by submerging a tract south of Marseille, whieh had 


remained dry since the commencement of the Tertiary age. 


Europe in general took its present form and relief, with the ex- 
ception of some alluvial tracts, which at a more recent period 
were raised above the waters, either by the disruption which 
produced the system of Twnarus (221) and raised Etna, Vesuvius, 
and Santorini, or by other loval disturbances of less importance, 
such as partial earthquakes, “ 

554, Secondary effects followed, which have left their traces on 
every part of the earth’s surface, Rivers of immense magnitude 
poured their streams from all the elevated summits over the sub- 
jacent plains, spreading out from point to point of their course into 
extensive lakes, on the bottoms of which they deposited those 
alluvial strata of which so many examples are presented in the 
valleys, plains, and provinces of all the great continents, In 
Europe such deposits are seen in the valleys of the Rhine, the 
Rhone, and other great rivers, on the great plain of Crau, in the 
south of France, having an extent of fifty square leagues, on the 
plain of Bavaria, and that which spreads itself out at the foot of 
the Alps over the state of Lombardy and Venice. Suerngindenng 

555, When the seas had settled into their new beds, and the 
outlines of the land were permanently defined, the latest and 
greatest act of creation was accomplished by clothing the earth 
with the vegetation which now covers it, peopling the land and 
water with the animal tribes which now exist, and calling into 
being the human race, appointed to preside over all living things, 


and to manifest the glory of the Creator by the development of — 


attributes so exalted, as to be described by the inspired author of 


Genesis as rendering man in wreceamenati die. x) 99 ; 
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557. It appears from this, that so far as observation has supplied 
data for such an estimate, the total number of generic animal 
forms which have been called into being, since the first animalisa- 
tion of the earth to the present time, has been 2800, Of this 
number, 1327, or nearly the half, were created at the commence- 
ment of the human period, a large proportion for one period out 
of thirty. It must be observed, however, that it is extremely 
improbable that the number of genera in past periods is as well 
ascertained as in the present. In the one case we have the living 
ereation to count from ; in the other we have nothing but the 
‘buried remains of the fauna of each period. 
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558, The specific forms are far more -mumerons;-adi ae av Pe 
exactly ascertained. Those of fossil Mollusca and Radiata have 
been elaborately described and catalogued by M. D’Orbigny, x4 
as we have already stated, has shown that each successive iv 
had its own assemblage of species. In the 
compiled from the Prodrome de Paléontologie of that Brie 
naturalist, we have given a synopsis of the distribution of a 
in the successive ages and periods. 


Table showing the number of species of Mollusca and Radiata by the 
fossil remains that have lived during the successive geological epochs 
and havin. 








Number of Species. 
{ Fifth period P ‘ - | 606) | 
TERTIARY Third and fourth period . . - «) Sa 6042 
AGE, Um — period . . i o | TEL ae 
” , . | 68 ; 
(| Seventh period Z ‘ " - | 66) 
Sixth te . . . « «| 1879} ) 


Fifth » ‘ ‘ . + | 330 





_ 659. Since the date of the publication of this table, the number 
‘of ascertained species of fossil Mollusca and Radiata has been 
inereased by further discovery, and now amounts to 21000, to 
which 3000 fossil species of Vertebrata and Annulata being added, ; 
gives a total number of fossil specific forms, amounting to 24000. 
- 660. The most conspicuous condition which distinguishes the 
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climatic distinctions have been found, It has been 
shown that the fossil fauna and flora of latitudes the most 
different, are analogous to the fauna and flora of warm climates, 
Now since this uniform temperature can only be ascribed to 
the great predominance of the effects of the central heat of the 
earth over those of solar radiation, it might naturally be supposed 
that the change would have been gradual, and that as the surface 
of the earth would have cooled down by degrees, climates would 
have been gradually manifested, the first differing but slightly in 
temperature, and then from period to period the difference 
increasing, until at length the earth would arrive at its present 
condition, exhibiting the extremes and means of the torrid 
and frigid zones. 

lcsosticn aaniaieen has not as yet supplied any facts to 
gonfirm such theoretical views. On the contrary, in the fifth 
Tertiary period, which immediately preceded the present epoch, 
it is certain that the higher latitudes had a climate similar 
to that which now prevails towards the Line. Plants, now 
limited to southern latitudes, flourished in Europe. The palms, 
for example, which vegetated there, have completely disap- 
peared, having retired to warmer regions. The elephant, rhino- 
eeros, panther, and other tropical animals which abounded in 
high latitudes, have also wholly disappeared there, and are limited 
to those latitudes where a temperature prevails conformable to 
their organisation. The bear still lives in Europe, but not the 
species which is found entombed in the strata, — y 

562. To render the fossil fauna compatible with the existence 
of isothermal lines, it has been supposed that the remains of 
animals and plants, peculiar to warm climates, which are 
deposited in the strata of high latitudes, may have been trans- 
ported there by ocean currents. That such an hypothesis 1s 
‘ and inadmissible, is demonstrated by the universality 
‘of the tropical fauna of all periods, The remains, especially of 
Jand animals and vegetables, which could by any possibility 
have been transported by such means, must necessarily have been 


few and local, and would appear merely as exceptions and 
; anomalies among the fauna and flora proper to the climatic loca- 








CLIMATOLOGICAL ZONES, 


lity, No such condition of fosdll depoitte, howler) Srbhinwll 


De 


those of the highest latitudes being as decidedly tropical as those 
of the lowest. ht a 2 
563, The formation of downs, littoral deposits, the filling up of 
lagoons, and the conversion of deltas into tracts of land, are 
severally contemporaneous geological phenomena, which serve, by 
the rate of their progress, and by their cumulative effects, as a 
sort of natural chronometers, by which the age of the human 
race, and its contemporary fauna, may be approximately esti- 
mated; and it is as remarkable as it is satisfactory, that the 
results are in no degree of discordance with the dates of Creation 
supplied by chronology, based on tradition and revelation. By 
the general accordance of such facts, it appears that the present 
period has now continued for not more than six or seven thousand 
years.” 
564, After all that has been explained of the series of convul- 
sions which terminated the succession of periods in the history of 
the earth, it will be evident that the Mosaic narrative of the 
Deluge contains nothing incompatible with that course of events, 
which may be said, without exaggeration, to have been of 
habitual occurrence on our planet. Whether the Deluge be 
identified with the catastrophe which produced the system of 
Teenarus or be ascribed to other convulsions, such as extensive 
earthquakes, is immaterial, so far as respects the mere credibility of 
the narrative. It is worthy of remark also, that the Mosaic narrative 
is in accordance with national tradition among various peoples. — 
565. As to the future, all inference must be based upon analogy 
with the past. During a succession of eight or nine and twenty 
periods, we have seen that creation after creation has taken place. 
Assemblage after assemblage of animated beings have peopled 
the earth, which has been clothed and re-clothed with vegetation 
for their well-being. Upon the close of period after period, it 
has pleased the Most High, in his inscrutable wisdom, to doom 
such animated worlds to sudden destruction, attaining His 
by the secondary agency of geological convulsions. The existing 
animated world presents nothing which can take it out of the eate- 
gory of the past, or exempt it from the ultimate fate which an 
inexorable law has prescribed to all former creations. ‘The earth is 
still subject to the same local oscillations of its crust, whether con- 
tinual and gradual, or violent and sudden, as heretofore, Voleanie 
phenomena declare, in unequivocal language, that the heavings of 
the internal fluid and incandescent matter have lost none of a 
terrific energy. Not only, therefore, does nothing justify 
supposition that the convulsion which raised the chain of the 
great Alps, and destroyed the fauna and flora of = 




























fore, that a moment must arrive when what we call the present 
"world will be destroyed; when man, and all his monuments, will 
be involved in one common destruction, when 
“ the gorgeous 
chr sontas shea great ene eae 
Yea, all that it inherits shall dissolve ; 
And, like an unsubstantial pageant faded, 
a Leave not a rack behind,” “ 
swe declare no more than all the analogies of the past history of the 
‘ But such finality will not, as Shakspeare implies, involve the 
Bea “ great globe itself.” The law of periodicity which characterises 
- ina manner so remarkable all the other phenomena of nature, 
reappears in the acts of creation itself, and pronounces in terms 
not to be misunderstood the future fate of the present tenants of 
the earth, and shadows forth its future destination. The con- 
yulsion which will sweep away man and his works, and the 
tribes of animals and vegetables created for his use, and will 
entomb their remains, will be followed by a calm of nature, 
after which, if we are to trust in the permanency of the play of 
those creative laws which have hitherto characterised the opera~ 
tions of Divine power, a new assemblage of organised beings will 
be called into life, and a new flora will clothe the earth. Intel- 
ences will preside over this new world with faculties as much 
exalted above those with which man in all his pride is endowed, 
as the understanding of man himself is above that of the apes, 
monkeys, and baboons which were at the head of the population 
of the last period of the Tertiary age. 

566. The short account of the Creation given in the first chapter 
of Genesis is in accordance with the results of geological discovery, 
in.as complete a manner as would be possible in so brief a summary, 
destined, not to instruct the world in geology, but, without 
violating truth, to convey a general notion of the work of Omni- 

ce in the process of creation. Light was first created, that 

js, the universally diffused ether, by whose properties not only 
light, but heat and probably electricity and magnetism, if not 
gravity itself, severally exist. The firmament was next made, 

: (op and the stars in countless numbers which oceupy it, 
each of which is a centre of attraction to a group of surrounding 
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we now apply that term to any period during which a certain 
succession of phenomena are manifested, Thus we speak of 1 i 
morning and the evening of life, eee 


«Tis the sunset of life gives me mystical lore, ca : 
For coming events cast their shadows before,” 


outlines of land and water. The rupture of the incipient erust of 
the earth, as already explained (100), by throwing the solid 
surface into different levels, divided the earth into oceans, seas, 
continents, and islands, This is stated briefly but distinctly 
enough in Gen, i. 9, 10: ‘And God said, Let the waters under 
the heaven be gathered together unto one place, and let the dry 
land appear, and it was so. And God called the dry land Earth, 
and the gathering of the waters called he Seas: and God saw that 
it was good.” 

569, The surface of the land was now clothed with vegetation. 
Verses 11, 12: “ And God said, Let the earth bring forth grass, 
the herb yielding seed, and the fruit tree yielding fruit after his 
kind, whose seed is in itself, upon the earth; and it wasso. And 
the earth brought forth grass, and herb yielding seed after his. 
kind, and the tree yielding fruit, whose seed was in itself, after 
his kind: and God saw that it was good.” ata 

70, The second epoch of organic creation was signalised by 
the production of animal life in its lowest forms, being limited to- 
marine tribes included under the general and familiar name of 
Fishes. Verse 20: ‘“ And God said, Let the waters bring forth 
abundantly after their kind.” This wa% succeeded by the erea- 
tion of Birds: ‘‘ And every winged fowl after his kind: and God 
saw thatit was good. And God blessed them, saying, Be fruitful, 
and multiply, and fill the waters in the seas, and let fowl multiply 
in the earth.” oe eee 

571. In complete accordance with this account geological re- 
searches show, that in the stages which immediately rest upon 
the azoic formation beds of coal are found, proving tha 
first land was clothed with vegetation, The animal remains 
found in the same deposits, consist almost 


yielding seed, and the tree yielding fruit after its kind,” and 
that then the Creator caused the ‘waters to bring forth abun- 
dantly after their kind,” and called into existence every winged — 
fowl after its kind, aaa . 


















568, The first epoch was preceded by the formation of the 





pol marin 
tribes. Some foot-tracks of birds, as we have shown, are also 
found in these formations. No traces of land animals yet appear, 
Thus in accordance with Genesis, geology announces that the first = 
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THE PRE-ADAMITE BAI E, 


$72. The third epoch of creation was signalised by the pro- 
duction of Mammifers and of land animals generally (ver, 24); 


“And God said, Let the earth bring forth the living creature 


after his kind, cattle, and creeping thing, and beast of the earth 
after his kind: and it was so. And God made the beast of the 
earth after his kind, and cattle after their kind, and every thing 
that creepeth upon the earth after his kind : and God saw that it 
was good.” 

873, The later geological ages, and especially the Tertiary, are 
here indicated, in which, as has been shown, the tribes mentioned 
in this short and popalar statement were created. 

674. The fourth, last, and latest great act of Omnipotence 
was the creation of the human race. On the last day or 


epoch of creation, ‘* G dd said, Let us make man in our own 
image, after our likeness: and let them have dominion over 
the fish of the sea, and over the fowl of the air, and over the 
cattle of the field, and over all the earth 


er every creeping 
thing that creepeth upon the ear reated man in 
his own. image, in the image of God created he him; male and 








female created he them.” 
575, It is perhaps in this last part of the Mosaic narrative that 
the most striking and interesting rdance with geological 


\ rding to Genesis, t! last epoch of 





science is observable. 


creation was exclusively giv n of the human race. 





Naturalists have reduced animal ms to seventy-eight orders, 
in one of which man st It from the researches 
of palwontologists that of these seventy-« ll but one,—that 


including man,—were created before the close of the Tertiary 


period, and that in the creation which followed that pe riod, man 
was the only animal order added to those of former creations. 
576. I have thought it right to develop these points at some 
length, inasmuch as many consciences have felt alarm at the 
history and geological 





supposed discordance between 5S 
discovery. It will, however, be seen, 
stated, that not only no such discordance exists, but that making 
such allowances for the latitude of language, as are indispe nsable 
in the interpretation of so brief at d P »pul ira descript ion, de signed 
not for the seientific but for the mass of mankind, as that given in 
Genesis, there is the most remarkable and satisfactory accordance 
with natural phenomena. ; 


from what I have here 
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1, Or the objects which in such countless numbers are scattered 
_ over the firmament, all those which constitute the solar system, 

except the sun itself, are in motion; and it must necessarily 
_ happen, occasionally, that some of them will assume a position 
between others and the eye of the observer placed upon the 
earth,. When such an event happens the nearer of the two will 
int wholly or partially the view of the more distant. If 
the apparent magnitude of the nearer be greater than the more 
distant, such an.obstruction may be total, but if less it ean only 


2, Since all the bodies of the solar system are illuminated by 
the sun, and when deprived of the sun’s light are obscured and 
_ cease to be visible, it may also happen that some one of the bodies 
composing the system may intervene between the sun and another 
body, so as to deprive the latter of the light which it receives 
from that luminary. In such a case the object deprived of light 
will be rendered wholly or partially invisible, according to the 
relative magnitude of the two bodies, the one intercepting the 
light and the other being obscured. 
8. Such conjunctions produce a class of occasional astronomical 
phenomena, which are invested with a high popular as well as a 
| scientific interest. The rareness with which some of 
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‘them are presented, their sudden and, to the vulgar mass, un- 
5, expected appearance, and the singular phenomena which often 
; attend them, strike the popular mind with awe and terror. To 

the astronomer, geographer, and navigator, they subserve im- 
Bi portant uses, among which the determination of terrestrial 
oe longitudes, the more exact estimation of the sun’s distance 
Bs from the earth (which is the standard and modulus of all dis- 
Pe tances in the celestial spaces), and, in fine, the discovery of 
___the mobility of light, and the measure of its velocity, hold 


‘The phenomena resulting from such contingencies of position 
and direction are variously denominated ectipsrs, TRANSITS, and 








--—- CCCULTATIONS, according to the relative apparent magnitudes of 
the interposing and obscured bodies, and according to the circum- 
_ stances which attend them, rine 
4, When the dise of the moon passes between an observer and 
the dise of the sun, it intercepts in this manner more or less 
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5. When the globe of the earth intervenes between ‘moon 
and the sun, it intercepts the light of the latter from a fear 
lesser part of the moon’s dise, and produces the 

called a lunar eclipse. 

6. When a satellite of a planet passes into such 
the globe of the planet sntcboens chad the ma i epee 
sun, — is eclipsed. 

7. When the disc of the moon or of a planet passes between 
the eye of an observer and a fixed eA the star suddenly 
ay and the phenomenon is called an occultation of the 
s . 

_8. When a planet passes between an observer and the sun’s 
dise there is seen projected upon the latter a small black circular 
spot, and in virtue of the relative motion of the sun and planet 
this black spot appears to pass across the dise of the sun from east 
to west, producing the phenomenon called a transit of the planet. 
Since at the period of a transit the planet must be between the 
sun and the earth, and therefore nearer to the sun than the 
this phenomenon ean only happen with an inferior planet. The 
only planets, therefore, of which there can be transits are Venus 
and Mercury, 
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9. The dises of the sun and moon, though nearly equal, are 
not exactly so, each being subject to a variation of magnitude 
confined within certain narrow limits; and, in consequence, 
the dise of the moon is sometimes a little greater, and some- 
times a little less, than that of the sun. Their centres moye 
in two apparent circles on the firmament; that of the sun 
in the ecliptic, and that of the moon in a cirele inclined to the 
ecliptic at a small angle of about 5°, These circles intersect at 
two opposite points of the firmament, called the moon’s nodes, 
In consequence of the very small obliquity of the moon’s orbit to 
the ecliptic, the distance between these paths, even at a consider- 
able distance at either side of the node, is necessarily small. 
Now, since the centres of the dises of the sun and moon must ~ 
each of them pass once in each revolution through each node, it 
will necessarily happen from time to time that they will be both 
at the same moment either at the node itself, or at some points of 
their respective paths so near it, that their apparent ) 
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10. This will be easily rendered intelligible. Let 4, fig. 1, be 
_ the dise of the object eclipsed, and a be that of the interposing 
object which eclipses it. So long as the distance between the 
centres of the two discs is greater than the sum of their semi- 
it is evident that the one dise will lie altogether out- 
side the other, so as not to intercept the view of any part of it, 
This will be apparent from an inspection of fig. 1. 
_ 11. This may be briefly explained thus: If x be the semi- 
as of A, and r that of a, and p be the distance between the 
5 two centres, then the one disc will lie altogether outside the other 
: so long as » is greater than k + r. 


Fig 1. Pig. 2 
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| _ 12. If the distance between the centres be equal to the sum of 
F the two semi-diameters, then the two dises will touch each other, 
without either actually intercepting a part of the other. This 
case is shown in fig. 2, and is briefly explained thus: If 
| D=28 + r, the two discs will touch without encroaching one 
‘ upon the other. This position of the dises is called external 
contact. 

3 13, If the distance between the centres of the two dises be less 
than the sum of the two semi-diameters, then one of the discs 
Z will necessarily encroach upon the other and a partial eclipse will 
: take place. This case is shown in fig, 3. The breadth of the 


Fig. 3. Fig. 4. 
ce © 
‘part of the dise 4 obscured by a is evidently equal to th 
_ difference between the sum of the setni-digunetire of the two discs 
the distance between their centres, which is briefly expressed 
us: If n + r be greater than , then the one disc will encroach 
the other, and the breadth of the part intercepted will be 
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nh mises uals est R+r—p. 


14. Tf the distance between the centres of the two disos be 
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equal to the difference of the semi-diameters, then the one dise 

= lie within the other, just touching it, as shown in fig. 4, 
is position of the dise is called that of internal 

therefore takes place when pte a. 


D=R—?r, 


15, If the distance between the centres be less than the sum of 
the semi-diameters, but greater than their difference, then a 
partial interposition will take place, as shown in fig. 3, If the 
interposing disc be less than the obscured disc, and the distance 
between their centres be less than the difference between the 
semi-diameters, then the interposing dise will lie within the 
obscured dise, leaving a round ring of illuminated surface, not 
intereepted, as shown in fig. 5. If, in this case, the centres of 





Fig. 5. Fig. 6. 
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the two discs coincide, the surrounding ring of light will be of 
uniform breadth, 

Such phenomena are called annular eclipses, and when the 
centres coincide they are said to be centrical and annular. 

16. If the interposing disc be greater than the intercepted one, 
and at the same time the distance between the centres less than 
the difference of the semi-diameters, then the interposing dise 
will cover completely the other, and a total eclipse will take 
place, as shown in fig. 6. If in this case the centres of the two 
dises coincide, the eclipse is said to be total and central. In the 
case of the sun and moon the magnitude of eclipses are expressed 
by what are called digits, If the diameter of the eclipsed object, 
be it sun or moon, be supposed to be divided into twelve parts, 
each of which is called a digit, the eclipse is said to measure as 
many digits as there are such parts in the greatest breadth 
of the obscured part, that is, in the difference between the sum 
of the semi-diameter of the sun and moon and the distance 
between their centres, To produce a total solar eclipse, it 
is therefore necessary, Ist, that the apparent diameter of the 
moon should be equal to or greater than that of the sun ; 
and, 2ndly, that the apparent places of their centres should 
approach each other within a distance not greater wogioesh differ- 
ence of their apparent semi-diameters. When these co — 
are fulfilled, and so long as they continue to be fulfilled, t 
eclipse will be total. ae <a 


















possible duration, therefore, of a total solar eclipse 
: the time necessary for the centre of the moon to gain upon 
that of the sun 61” x 2122", But since the mean synodic 
motion of the moon is at the rate of 30° per minute, it follows 
that the duration of a total solar eclipse can never exceed four 
minutes. 
18. When the apparent diameter of the moon is less than that 
of the sun, its disc will not cover that of the sun, even when 
concentrical with it. In this ease, a ring of light would be 
apparent round the dark disc of the moon, the breadth of which 
would be equal to the difference of the apparent semi-diameters, 
a as represented in fig. 5. When the discs are not absolutely con- 
ia eentrical, the distance between their centres being, however, less 
e than the difference of their apparent semi-diameters, the dark 
oe dise of the moon will still be within that of the sun, and will 
: appear surrounded by a luminous annulus, but in this case the 
ring will vary in breadth, the thinnest part being at the point 
d nearest to the moon’s centre; and when the distance between 
; the centres is reduced to exact equality with the difference 


a of the apparent semi-diameters, the ring becomes a very thin 
hee the points of the horns of which unite, as represented 
in fig. 4. 

; The greatest breadth of the crescent will be in this case 


equal to the difference of the apparent diameters of the sun and 


moon. 
° ‘The greatest eppareyt semi-diameter of the sun being 16’ 18”, 
¥ and the least apparent Semi-diameter of the moon being 14’ 44”, 
the greatest possible breadth of the annulus when the eclipse is 
f . 16’ 18" — 14 44” = 1’ 34” = 94”, 


which is about the 20th of the mean apparent di 
avets. part pparent diameter of 
19, The greatest interval during which the eclipse can continue 
oi is the time necessary for the centre of the moon to move 
——— synodic over 94” x 2 = 188", and, since the mean synodic 
<i motion is at the rate of 30” per minute, this interval will be about 
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be A a = 6-26 minutes, or about six minutes and a quarter. 
a 5 ca eh 4 ’ ey 
20. Solar eclipses can only occur at or near anew moon. This 
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is evident, because the condition which limits the apparent distance 
between the centres of the dises to the sum of the apparent semi- 
diameters, involves the consequence that this distance cannot much 
exceed 30’, and as the difference of longitudes must be still less 
than this, it follows that the eclipse can only take place within 
less than half a degree in apparent distance, and within less than 
two hours of the epoch of conjunction. 

21. Since the visual directions of the centres of the dises of 
the sun and moon vary more or less with the position of the 
observer upon the earth’s surface, the conditions which determine 
the oecurrenee of an eclipse, and if it oceur, those which deter- 
mine its character and magnitude, are necessarily different in 
different parts of the earth, While in some places none of the 
conditions are fulfilled, and no eclipse occurs, in others an 
eclipse is witnessed which varies from one place to another in 
its magnitude, and in some may be total while it is partial in 
others. 

If the change of position of the observer upon the earth’s surface 
affected the visual directions of the centres of the two dises 
equally, which would be the case if they were equally distant, 
or nearly so, no change in the apparent distance between them 
would be produced, and in that case the eclipse would have the 
same appearance exactly to all observers in every part of the 
earth. But the sun being about 400 times more distant than the 
moon, the visual direction of the centre of its dise is affected by 
any difference of position of the observers, to an extent 400 times 
less than that of the moon’s centre. ' 

22, The relative positions of the dises of the sun and moon in 
the firmament, their apparent motions, and the effect produced 
upon their apparent positions by the varying positions of the 
observer upon the earth, being all known, the circumstances which 
determine the magnitude from minute to minute of the distance 
between their centres, are all given ; and the problem to determine 
the beginning of the eclipse, or the moment at which the distance 
between the centres becomes equal to the sum of their apparent 
diameters; and the end of the eclipse, or the moment when, after 
diminishing and then increasing, it again becomes equal to the 
sum of their apparent diameters, is a matter of easy eas 
calculation, although the pees — such processes 
not be suitable to the readers of thi + a 

28. The moon’s orbit being inclined to the oclpts at an ~ 
of 5°, and, consequently, the distance of the og centre = 
the ecliptic varying in each month from sarcastic 
interposition of the moon between any place pcb 9 ah 
sun, requires that the apparent distance of a pon 
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not exceed the sum of their apparent semi-diameters, which 
never much exceeds half a degree, it is clear that an eclipse can 
never happen except when, at the time of conj unction, the appa- 
rent distance of the moon’s centre from the ecliptic is within 
that limit, a condition which ean only be fulfilled within certain 
small distances of the moon’s nodes. 

There is a certain distance from the m 
a solar eclipse is impossible, and a certain les or distance, wit h 
which that phenomenon is inevitable. These distances are call 
the solar ecliptic limits. 

24, Columbus is said to have availed himself of his acquaint 


n’s node, beyond which 











ance with practical astronomy to pre r se, and 
the prediction as a means of estal L ty o7 
crews of his vessels, who showed 18 tix 
obedience. 

The spectacle presented during a total eclipse is always most 
imposing. The darkness is som ter rend 


brighter stars and planets visible. 
is sensible in the air. Vegetabl 
selves as they are wont to do a 








birds go to roost. Nevertheless, t larkness I m 
the natural nocturnal darkness, and is attended with a 
indescribable unearthly light, which throws upon surt 
objects a faint hue, sometin ] i 
verously green. 

Many interesting narratives have been published by scientific 
observers who have been so fortunate as to witness these 


phenomena, 

25. When the dise of the moon, advancing over that of th 
sun, has reduced the latter to a thin crescent, it was observed by 
Mr. Francis Baily, that immediately before the beginning, or after 
the end of complete obscuration, the crescent appeared as a 
of brilliant points separated by dark spaces, so as to give to it t 
appearance of a string of brilliant ‘‘ beads.’’ The phenomenon, 
which has since been frequently re-observed, thence a: quired the 
name of ‘‘ Baily’s beads.” 

Further observation showed, that, before the formation of the 
‘* beads,” the hornsTof the crescent were sometimes interrupted 
and broken by black streaks thrown across them. 

These phenomena are roughly sketched in figs. 7, 8. 

Figs. 9, 10, 11, 12, are taken from the original sketches of Mr. 
Baily, representing: the progressive disappearance of the beads 
after the termination‘of the complete obscuration. 


26, These phenomena arise from the projections of the edge of 


the moon’s disc, serrated by numerous inequalities of the surface, 
1648 





BAILY 8 BEADS, 


approaching so close to the external edge of the sun’s disc, that 
the points of the projections extend to the latter, while the 
BS 
f 
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intermediate spaces remain uncovered. This may be very appro- 
priately illustrated by laying the blade of a circular saw, haying 
finely cut teeth, over a white circle of nearly equal diameter upon 
a black ground, The white parts between the teeth will appear 
like a necklace of white pearls. 





arr , 
27. Immediately after the commencemé nf%of the total obscura- 
tion, red protuberances, resembling flames, appear to issue from 


’ . 5 
the edge of the moon’s dise. These appearances, which wer 
first noticed by Vassenius, on the oceasion of the total solar 
eclipse which was visible at Géttenberg on the 3rd of May, 1733 | 


haye been re-observed on the occurrence of every total solar 
eclipse which has taken place since that time, and constitute one 
of the most curious and interesting effects attending this class of 
phenomena. 


a A total eclipse of the sun took place on the 28th of July, 
70 : 


ECLIPSE OF 1851. 


1851, which became a subject of systematic observation by the 
most eminent astronomers of the present day. A considerable 
numb rof English observers, aided by several foreigners, dis- 
tributed themselves in parties at different points along the path 
of the shadow, so that the chances of the impediments that might 
arise from unfayourable conditions of the atmosphere might be 
diminished. The reports and drawings of these various observers 
have been collected by the Royal Astronomical Society, and 
published in their transactions. 

The Astronomer Royal, with two assistants, Messrs. Dunkin and 
Humphreys, authorised by the Board of Admiralty, selected certain 
parts of Sweden and Denmark as the most eligible stations. 
Professor Airy observed at Gittenberg, Mr. Dunkin at Christiana, 
and Mr. Humphreys, assisted by Mr. Miland, at Christianstad. 

29, The weather on the whole proved favourable at Gottenberg. 


We take from the report of the Astronomer Royal the following 
hi 





ly interesting particulars of the progress of the phenomenon. 

‘‘The approach of the totality, was accompanied with that 
indescribably mysterious and gloomy appearance of the whole 
surrounding prospect, which I have seen on a former occasion. A 
patch of clear blue sky in the z nith became purple-black while I 
was gazing at it. I took off the higher power, with which I had 
scrutinised the sun, and put on the lowest power (magnifying 
about 34 times). With this I saw the mountains of the moon 
perfectly well. I watched carefully the approach of the moon’s 
limb to the sun’s limb, which my graduated dark glass enabled 
me to see in great perfection; I saw both limbs perfectly well 
defined to the last, and saw the line becoming narrower and the 
cusps becoming sharper without any distortion or prolongation of 
the limbs. I saw the moon’s s¢ rrated limb advance up to the 
sun’s, and the light of the sun glimmering through the hollows 
between the mountain peaks, and saw these glimmering spots 
extinguished one after another in extre mely rapid sucec ssion, but 
without any of the appearances which Mr. Baily has described. 
I saw the sun covered, and immediately slipping off the dark 
glass, instantly saw the appearances repre sented at a be d, 
fig. 13 (p. 161). 

‘« Before alluding more minutely to these, I must advert to the 
darkness. I have no means of ascertaining whether the darkness 
really was greater in the eclipse of 1842; I am inclined to think 
that ‘in the wonderful, and I may say appalling, obscurity, T saw 
the grey granite hills within sight of Hvalis more distinetly than 
the darker country surrounding the Superga. But whether 
because in 1851 the sky was much less clouded than in 1842 (so 
that the transition was from a more luminous state of = a 
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lantern held close to the chronometer. 
The corona was far broader than that which I saw in 1542: 
roughly speaking, its breadth was little less than the moon's 
diameter; but its outline was very irregular. 1 did not remark 
any beams projecting from it which deserved notice as much more 
ionous than the others ; but the whole was beamy, radiated 
in structure, and terminated (though very indefinitely) in a way 
which reminded me of the ornament frequently placed round a 
mariner’s compass. Its colour was white, or resembling that of 
Venus. 1 saw no flickering or unsteadiness of light. It was not 
separated from the moon by any dark ring, nor had it any 
annular structure; it looked like a radiating luminous cloud 
behind the moon. 

“The form of the prominences was most remarkable. That 
which I have marked a reminded me of a bomerang, Its colour 
for at least two-thirds of its breadth, from the convexity towards 
the concavity, was full lake-red, the remainder was nearly white. 
The most brilliant part of it was the swell farthest from the 
moon’s limb; this was distinctly seen by my friends and myself 
with the naked eye. I did not measure its height; but judging 
generally by its proportion to the moon’s diameter, it must have 
been 3’. This estimation perhaps belongs to a later period of the 
eclipse, The prominence } was a pale white semi-circle based on 
the moon’s limb. That marked e was a red detached cloud, or 
balloon, of nearly cireular form, separated from the moon’s limb 
by a space (differing in no way from the rest of the corona) of 
nearly its own breadth. That marked ¢ was a small triangular 
or conical red mountain, perhaps a little white in the interior. 
‘These were the appearances seen instantly after the formation of 
the totality. 

_ *Lemployed myself in an attempt to delineate roughly the 
appearances on the western limb, and I took a hasty view of the 
country ; and I then examined the moon a second time, I 
_ believe (but I did not carefully remark) that the prominences 
abe increased in height ; but d had now disappeared, and a 
_ mewonee had risen up. It was impossible to see this change 
without feeling the conviction that the prominences belonged to 
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“T again looked round, when I saw a seene of unexpected 
beauty. The southern part of the sky, as I have said, was 
covered with uniform white cloud; but in the northern part 
were detached clouds upon a ground of clear sky. This clear 
sky was now strongly illuminated, to the height of 30° or 35°, 
and through almost 90° of azimuth, with rosy-red light shining 
through the intervals between the clouds. 1 went to the telescope, 
with the hope that I might be able to make the polarisation- 
observation, (which, as my apparatus was ready to my grasp, 
might have been done in three or four seconds,) when I saw that 
the sierra, or rugged line of projections, shown at f, had arisen. 
This sierra was more brilliant than the other prominences, and its 
colour was nearly scarlet, The other prominences had perhaps 
increased in height, but no additional new ones had arisen. The 
appearance of this sierra, nearly in the place where I expected 
the appearance of the sun, warned me that I ought not now to 
attempt any other physical observation. In a short time the 
white sun burst forth, and the corona and every prominence 
vanished. 

“| withdrew from the telescope and looked round. The 
country seemed, though rapidly, yet half unwillingly, to be 
recovering its usual cheerfulness. My eye, however, was caught 
by a duskiness in the south-east, and I immediately perceived 
that it was the eclipse-shadow in the air travelling away in the 
direction of the shadow’s path. For at least six seconds this 
shadow remained in sight, far’ more conspicuous to the eye than 
J had anticipated.” 

30. Owing to the unfavourable state of the atmosphere, the — 
observations of the other members of the Admiralty party were 
not so satisfactory as those of its chief. Nevertheless, both 
observers saw the red prominences, though imperfectly, as com- 
pared with the results of the observations of the Astronomer 
Royal. Baily’s beads were seen by Mr. Dunkin, as well before as 
after the total obscuration. ‘Their appearance was of intense 
brilliancy, compared by the observer to @ diamond necklace, 
Their etfect on the observer was “quite overpowering, being 
unprepared for a sight so magnificen it. grits Soo 

ht TChristianstad, the planets Venus, Mercury, and Jupiter, 
and the stars Arcturus and Vega, were visible during the totality : 
of the eclipse. er 

31. Mr. W. Gray, stationed at Tune, near Sarpsborg, saw vn 
beads, both before and after pdb obscuration. He saw 
of the red projections, three of which are repr’ f 
of the reek roesmbling'e and in form, and diamotriclly PPO 
to ain position on the moon’s limb. an 
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During the totality, the light seemed like that of an evening in 
August at an hour and a half after sunset. 

32. Messrs. Stephenson and Andrews, at Fredrichsvaarn, saw 
Baily’s beads both before and after the total obscuration. The 


Fig. 14. Pig. 16. 
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crescent, before disappearing, was 
which broke up into fragments, and v 
the idea of globules of mercury rushin 
the edge of the moon. In a second 
pearance of the crescent, a ros ] 

limb of the moon, which in f I led a sickle (see fig. 15). 
It increased rapidly, and then two other rose-coloured promi- 
nences, above and below it, started out, differing in shape, but 
evidently of the same character. Besides these, there were, 
as well between them as elsewhere, around the moon’s edge other 
lurid points and other indistinct lines. The height of the prin- 
cipal prominence was estimated at about the 
twentieth of the moon’s diameter, that is, 
about 13’. The chief prominences looked like 
burning volcanoes, and the lurid points and 
lines reminded the observers of dull streams of 
cooling lava. 

33. Mr. Lassell, at Trollhattan Falls, having 
heard the red prominences seen in former total 
eclipses described as faint appearances, saw 
with astonishment around the dark dise of the 
moon, after the commencement of total obscura- 
tion, prominences of the most brilliant lake 
colour,—a splendid pink, quite defined and 
hard, fig. 16. They appeared not to be abso- 
Tutely quiescent. The observer judged from their appearance that 
they belonged to the sun, and not to the moon. 

174 
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34. Mr. Hind, at Ravelsborg, near Engelholm, saw the beads, 
both before and after the total obseuration, in such a manner as 
to leave no doubt of their cause being that already explained. 
In five seconds after the commencement of the total obscuration, 
the corona or glory around the moon’s dise was seen. Its colour 
seemed to be that of tarnished silver, brightest next the moon’s 
limb, and gradually fading to a distance equal to one-third of her 
diameter, where it became confounded with the general tint of 
the heavens. Appearances of radiation are mentioned, similar to 
those deseribed by Professor Airy. 

“On first viewing the sun,” says Mr. Hind, “ without the dark 
glass after the commencement of totality, the rose-coloured 
prominences immediately caught my eye, and others were seen a 
few seconds later (fig. 17, p.177). The largest and most remark- 
able of them was situate about 5° north of the parallel of declina- 
tion, on the western limit of the moon; it was straight through 
two-thirds of its length, but curved like a sabre near the extremity, 
the concave edge being towards the horizon. The edges were of a 
full rose-pink, the central parts plainer, though still pink. 

‘«Twenty seconds, or thereabouts, after the disappearance of 
the sun, I estimated its length at 45” of are, and on attentively 
watching it towards the end of totality, I saw it materially 
lengthened (probably to 2’), the moon haying apparently left 
more and more of it visible as she travelled across the sun. It 
was always curved, and I did not remark any change of form, 
nor the slightest motion during the time the sun was hidden. I 


saw this extraordinary prominence fowr seconds after the end of 


totality, but at this time it appeared detached from the sun’s 
limb, the strong white light of the corona intervening between 
the limb and the base of the prominence. 

« About 10 south of the above object I saw, during the totality, 
a detached triangular spot of the same rose colour, suspended, as 
“t were, in the light of the corona, which gradually receded from 
the moon’s dark limb, as she moved onwards, and was, therefore, 
clearly connected with the sun. Its form and position, with 
respé ct to the large prominence, continued exactly the same so 
long as I observed it. On the south limb of the moon appeared 
a long range of rose-coloured flames, which seemed to be affected 
with a tremulous motion, though not to any great extent. 

“The bright rose-red of the tops of these projections gradually 
faded towards their bases, and along the moon’s limb appeared a 
bright narrow line of a deep violet tint: not far from the western 
extremity of this long range of red flames was an isolated pro- 
minence, about 40" in altitude, and another of similar size and 


form, at an angle of 140° from the north towards the east: the 
175 
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moon was decidedly reddish purple at the beginning of totality, 
but the reddish tinge disappeared before its termination, and the 
dise assumed a dull purple colour. A bright glow, like that of 
twilight, indicated the ition where the sun was about to 
emerge, and three or four seconds later the beads again formed, 
this time instantaneously, but less numerous, and even more 
irregular, than before. In five seconds more the sun reappeared 
asa very fine crescent on the su iden extinction of the beads.” 
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CHAPTER II. 
$5. Observations of Mr. Dawes near Engelholm.—36. Effects of total obseura- 
tion on surrounding object 1 scenery.——37. Evidence of a solar 
atmosphere. —38, Pr auses of the red emanations in solar 
eclipses. Loxar Ecurpses : 39. The earth’s conic —40. Its 
ection may be regarded dark dise movin the firmament.— 
41. Conditions which determine lunar eclipses. Lunar ecliptic 
limits. —43. Greatest duration of total lunar e s,—44, Effects 
of the earth’s penumbra.—45. Effects of refraction of the earth’s 
atmosphere in total lunar eclipse. —46. Lunar dise visible during 
total obscuration, 


35. Mr. Dawes near Engelholm observed the beads, and found 


all the circumstances attending their appearance, such as to leave 
no doubt as to the truth of the cause generally assigned to them. 
He observed the corona, a few seconds after the commencement of 
the totality, and estimated its extrem: breadth at half the moon’s 
diameter, the brightness being greatest near the moon's limb, and 
gradually decreasing outwards. The phenomena of the red pro- 
tuberances, witnessed by Mr, Dawes, are so clearly and satisfac- 
torily described by him, that we think it best here to give the 
account of them in his own words :— 

“Throughout the whole of the quadrant, from north to east, 
there was no visible protuberance, the corona being uniform and 
uninterrupted. Between the east and south points, and at an 
angle of about 170° from the north point, appeared a large red 
prominence of a very regular conical form, fig. 18. When first 
seen, it might be about 14’ in altitude from the edge of the moon, 
but its length diminished as the moon advanced, 
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“T “may be inaccurate to a fow 
egrees, be nastily noticed than the others. It was of a 
jour, and rather paler near the middle than at the 


i Proceeding southward, at about 145° from the north point 
‘commenced a low ridge of red prominences, resembling in outline 
the tops of a very irregular range of hills. The highest of these 
probably did not exceed 40”. This ridge extended through 50° 
or 56°, and reached, therefore, to about 197° from the north point, 
its base being throughout formed by the sharply-defined edge of 
the moon. The irregularities at the top of the ridge seemed to be 
permanent, but they certainly appeared to undulate from the west 
towards the east; probably an atmospheric phenomenon, as the 
wind was in the west. 
. “ At about 220° commenced another low ridge of the same cha- 
racter, and extending to about 250°, less elevated than the other, 
and also less irregular in outline, except that at about 225° a very 
remarkable protuberance rose from it to an altitude of 14’, or more. 
The tint of the low ridge was a rather pale pink ; the colour of the 
‘ more elevated prominence was decidedly deeper, and its brightness 
Sips much more vivid. In form it resembled a dog’s tusk, the convex 
side being northwards, and the concave to the south. The apex 
was somewhat acute. This protuberance, and the low ridge con- 
nected with it, were observed and estimated in height towards 
the end of the totality. 

A small double-pointed prominence was noticed at about 
265°, and another low one with a broad base, at about 263°. 
‘These were also of the rose-coloured tint, but rather paler than 
the large one at 225°. 

Almost directly preceding, or at 270°, appeared a bluntly tri- 
angular pink body, suspended, as it were, in the corona. This 
was separated from the moon's edge when first seen, and the 
separation increased as the moon advanced. It had the appear- 
ance of a large conical protuberance, whose base was hidden by 
some intervening soft and ill-defined substance, like the upper 
part of aconical mountain, the lower portion of which was obscured 
by clouds or thick mist. I think the apex of this object must 
haye been at least 1’ in altitude from the moon’s limb when first 
_ seén, and more than 14’ towards the end of total obscuration. Its 
colour was pink, and I thought it paler in the middle, 

To the north of this, at about 280° or 285°, appeared the most 

~ wonderful ae 9 ee whole. A red protuberance, of 
vivid brightness and very tint, arose to a height of, perhaps, 
_ 1 when first seen, and increased in length to 2’, or more, as the 
_ ‘moon’s progress revealed it more completely, In shape it some- 
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what resembled a Turkish cimeter, the northern edge con- 
vex, and the southern concave. Towards the apex it bent sud 
to the south, or upwards, as seen in the telescope. Its northern 
edge was well defined, and of a deeper colour than the rest, espe- 
cially towards its base. I should call it a rich carmine, The 
southern edge was less distinctly defined, and d paler. 
It gave me the impression of a somewhat conical Pe, 
partly hidden on its southern side by some intervening substance 
of a soft or flocculent character. The apex of this protuberance 
was paler than the base, and of a purplish tinge, and it certainly 
had a flickering motion. Its base was, from first to last, sharply 
bounded by the edge of the moon. To my great astonishment, 
this marvellous object continued visible for about five seconds, as 
nearly as I could judge, after the sun began to reappear, which 
took place many degrees to the south of the situation it oceupied 
on the moon’s circumference. It then rapidly faded away, but it 
did not vanish instantaneously. From its extraordinary size, 
curious form, deep colour, and vivid brightness, this protuberance 
absorbed much of my attention; and I am, therefore, unable to 
state precisely what changes occurred in the other phenomena 
towards the end of the total obscuration. 

“The are, from about 283° to the north point, was entirely free 
from prominences, and also from any roseate tint.” 

36. Although the different parties of observers scattered over 
the path of the moon’s shadow were not equally fortunate in havi 
a clear unclouded sky, they were all enabled to observe and 
the effects of the total obscuration upon the surrounding objects 
and country. Dr. Robertson of Edinburgh, Dr. Robinson of 
Armagh, and some others, witnessed the eclipse from an island 
off the coast of Norway, in lat. 61° 21’, at a point in the path of 
the axis of the shadow. The precursory phenomena corresponded 
with those described by other observers. The atmosphere was, 
however, obscured by clouds, which appeared to rush down in 
streams from the place of the sun. The sea-fowl flocked to their 
customary places of rest and shelter in the rocks, The darkness 
at the moment of total obscuration was sudden, but not absolute ; 
for the clouds had left an open strip of the sky, which assumed a 
dark lurid orange, which changed to greenish colour in another 
direction, and shed upon persons and objects a faint and unearthly 


thing around them. ‘The appearance of the country,” ays Dr. 


Robertson, ‘seen through the lurid opening under the | 
was most appalling, ‘The distant peaks of the ‘Tontedals and 
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sdasienses.” Never before have wo observed 
en and earth so entirely confined to one 
horizon,—never that peculiar greenish 









‘and never that appearance of outer darkness in the place of 
observal and of excessive distance in the verge of the horizon, 
caused in this case by the hills there being more highly illumi- 
nated as they receded, by a less and less eclipsed sun.” 

Mr. Hind says, that during the obscuration ‘the entire land- 
scape was overspread with an unnatural gloom ; persons around 
him assumed an unearthly cadaverous aspect ; the distant sea 

of a lurid red; the southern heavens had a sombre 
purple hue, the place of the sun being indicated only by the 
corona; the northern heavens had an intense violet hue, and 
appeared very near. On the east and west of the northern 
meridian, bands of light of a yellowish crimson colour were 
seen, which gradually faded away into the unnatural purple of 
the sky at greater altitudes, producing an effect that can never 
be effaced from the memory, though no deseription could give a 
just idea of its awful grandeur.” 

At several places in Prussia, where the heavens were unclouded 
during the total obscuration, a great number of the more con- 
spicuous stars, as well as the planets Jupiter, Venus, and Mercury, 
were visible. Several flowering plants were observed to close their 
blossoms, birds which had been previously flying about disap- 
peared, and domestic fowls went to roost. 

37, Many of the phenomena attending total solar eclipses afford 

corroboratory evidence of the existence of a solar atmo- 
mm to a vast height above the luminous coating of 

The corona, or bright ray or glory, surrounding the dark disc of 
the moon where it covers the sun, is observed to be concentric with 
the moon only at the moment when the latter is concentric with 
the sun. In other positions of the moon’s disc, it appears to be 
concentric with the sun. This would be the effect produced by a 
solar non-luminous atmosphere faintly reflecting the sun’s light. 

38. It appears to be agreed generally among astronomers that 
the red emanations above described are solar, and not lunar. 
If they be admitted then to be solar, it is scarcely possible to 
imagine them to be solid matter, notwithstanding the apparent 
constancy of their form in the brief interval during which at any 
one time they are visible, for the entire duration of their visibility 


has never yet been so much as four minutes. To admit the 





ibility of their being solar mountains projecting above the 
atmosphere surrounding the sun, and rising to the height 
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in the exterior and non-luminous atmosphere forming the corona 
eee to api om Leet we must suppose their 
amount to nearly a tieth of ’s diameter, 

that is to 44000 miles, waren >. i 
The fact that they are gaseous and not solid matter appears, 

therefore, to be conclusively established by their enormous mag- 

nitude, the great height above the surface of the sun at which 

they are placed, their faint degree of illumination, 

and the circumstances of their being sometimes Fig: 10, 

detached at their base from the visible limb of 

the sun, These circumstances render it probable 

that these remarkable appearances are produced 

by cloudy masses of extreme tenuity, supported, | 

and probably produced in an extensive spherical 

shell of non-luminous gaseous matter, surrounding i 

and rising above the luminous surface of the sun { 

to a great altitude, | 
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39. As the earth moves in its orbit round 
the sun it projects behind it a conical shadow, 
the axis of which is always directed to that 
point of the heavens which is in immediate 
opposition to the centre of the sun. A section 
of the sun s, and the earth e, and of the conical 
shadow made by a plane passing through the 
centres of the sun and earth, is shown in fig. 19. 

It will be evident whenever the globe of the 
moon or any part of it enters within the limits of 
the conical shadow af a’, it will be deprived of 
the sun’s light, and will consequently be eclipsed ; 
the circumstances, therefore, which determine 
lunar eclipses will depend upon the transyerse 
section of the shadow at the moon’s distance from 
the earth, this distance being about one-third of 
the total length of the conical shadow. 

It is found by calculation that,its greatest appa~ 
rent diameter, as seen from the earth, is 45! 42", 
and its least 37‘ 49", Its mean magnitude is, 
therefore, 41’ 46”, ' 

40. The section of the shadow may, therefore, be regarded as a 
dark disc, whose apparent semi-diameter varies between 37’ 49" 
and 45’ 42", and the true place of whose centre is a point on the 
ecliptic 180° behind the centre of the sun- munaee’ al 





eed by the superposition, partial or total, of this dise on 
that of the moon, and the circumstances and conditions which 
let such an eclipse are investigated upon the principles 
41, By the solar tables, the apparent position of the centre of the 
sun, from hour to hour, may be ascertained, and the position of 
the centre of the section of the shadow may thence be inferred. 
From the lunar tables, the position of the moon’s centre being in 
like manner determined, the distance between the centres of the 
section of the shadow and the moon’s dise can be ascertained. 

The magnitude of the eclipse is measured by the difference 

between the sum of the semi-diameters and the distance between 
the centres. 
42, That a lunar eclipse may take place, it is necessary that the 
moon, when in opposition, should approach the ecliptic within a 
distance less than the sum of the apparent semi-diameters of the 
moon and the section of the shadow. 

When the distance from the node at opposition is greater than 
5° 44’ 21”, a total eclipse cannot, and when less than 3° 54’ 5", it 
must, take place. Between these limits it may or may not occur, 
according to the magnitude of the parallaxes and apparent 
diameters. 

43. The duration of a total eclipse depends on the distance 
over which.the centre of the moon’s dise moves relatively to the 
shadow, while passing from the first to the last internal contact. 
This may vary from 0, to twice the greatest possible distance of 
the moon’s centre from the centre of the shadow, at the moment 
of internal contact. 

44, Long before the moon enters within the sides of the cone 
of the shadow it enters the penumbra, and is partially deprived 
of the sun’s light, so as to render the illumination of its surface 
sensibly more faint. When once it passes within the line a’ p’, 
fig. 19, forming the external limit of the penumbra, it ceases to 
receive light from that part of the sun which is near the limb }, 
As it advances closer to a’ f, the edge of the true shadow, more 
and more of the solar rays are intercepted by the earth; and 
when it approaches the edge, it is only illuminated by a thin 
crescent of the sun, visible from the moon over the edge of the 
earth ata’. It might be thus inferred, that the obscuration of 
the moon is so extremely gradual, that it would be impossible to 
ceive the limitation of the shadow and penumbra. Neverthe- 
s, such is the splendour of the solar light, that the thinnest 








































the edge of the earth’s shadow is exposed, produces a degree of 


rescent of the sun, to which the part of the moon’s surface near 
pila lai so strongly with the shadow as to 
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render the boundary of the latter so distinct, that the phenomenon 
presents one of the most striking evidences of the rotundity of the 
earth, the form of the shadow being accurately that which one 
globe would project upon another. ai 

45. If the earth were not ‘surrounded with an atmosphere 
capable of refracting the sun’s light, the dise of the moon would 
be absolutely invisible after entering within the : 
edge of the shadow. For the same reason, how- 
ever, that we continue to see the sun’s dise, and 
receive its rays after it has really descended 
below the horizon, an observer placed upon the 
moon, and therefore the surface of the moon 
itself, must continue to receive the sun’s rays 
after the interposition of the edge of the earth’s 
dise as seen from the moon, This refracted light 
falling upon the moon after it has entered within 
the limits of the shadow, produces upon it a 
peculiar illumination, corresponding in faintness 
and colour to the rays thus transmitted through 
the earth’s atmosphere, 

To render this more clear, let ¢e’, fig. 20, 
represent a diameter of the earth at right angles 
to the axis ef of the shadow, and let a a’ repre- 
sent the limits of the atmosphere. Let se f be 
the ray proceeding from the edge of the sun, and 
forming therefore the boundary of the shadow, 
considered without reference to the atmosphere. 
But the solar rays in passing through the convex 
shell of air, between a and ¢, are affected as 
they would be by a convex lens composed of a 
transparent refracting medium, and are therefore 
rendered convergent, so that the ray s e, instead 
of passing directly to m, will be bent inwards 
towards m’, while the ray which really passes 
from e to f is one which comes in the be agg 
se, and therefore from a point withi : 
aun’e disc, The moon’s dise, therefore, or any point of it which 
is within the angle m em’, will receive this refracted light, 
and will be illuminated by it in accordance with its colour and 





intensity. 
The a edéstion which a solar ray suffers in passi through the 
atmosphere towards ¢ on the side of the sun, is equ to the hori- 
gontal refraction; and as, according to the principles of optics, 
it suffers an equal refraction in passing out on the other side, the 
total deflection, which is measured by the angle mt est cnien 














be more or less illuminated by the light thus refracted: the 
ees enh illumination increases from the centre towards 
py | the moon’s limb first enters the shadow at m, the 
contrast and glare of the part of the diso still enlightened by the 
; rays of the sun render the eye insensible to the more feeble 
iuminetion i produced upon the eclipsed part of the dise by the 
ays. As, however, the eclipse proceeds, and the 
magnitude of the of the dise directly enlightened decreases, 
the eye, partly relieved from the excessive glare, begins to 
perceive very faintly the eclipsed limb, which is nevertheless 
yisible from the beginning in a telescope, in which it appears 
with a dark grey hue. When the entire disc has passed into 
the shadow, it becomes distinetly visible, showing a gradationgof 
tints from a bluish or greenish on the outside to a alee 
increasing red, which, further in, changes to a colour resembling 
that of ineandescent iron when ata dull red heat. As the lunar 
dise approaches the centre of the shadow, this red line is spread 
all over it. Its illumination in this position is sometimes so 
strong as to throw a sensible shadow, and to render distinctly 
yisible in the telescope the lineaments of light and shadow 
upon its surface, 

These effects are altogether similar to the succession of tints 
developed in our atmosphere at sunset, and arise, in fact, from 
the same cause, operating, however, with a two-fold intensity. 
The solar rays traversing twice the thickness of air, the blue and 
green lights are more effectually absorbed, and a still more 
intense red is imparted to the tints transmitted, Without 
pursuing these consequences further here, the student will find 

no difficulty in tracing them in the effects of sunset and of 
sunrise, and of evening and morning twilight. 
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1. Definition. —2. Air the conductor.—3. Sound progressive.—4. Breadth 
of sonorous waves.—5. Musical sounds, how characterised.—6, Pitch. 
—7. Loudness. —8, Timbre.—9, 10, Velocity.—11. Distances measured 
by sound.—12. Density of air affects loudness.—13. Effect of atmo- 
spheric agitation.—14. Sound conveyed through liquids.—15. Solids. 
—16. Bffects of Elasticity of air.—17. Chladni’s experiments.—18, 
Monochord.—19. Vibration of musical strings. —20. Cause of har- 
mony shown. 


1. Sounp is the sensation produced in the organs of hearing 
when they are affected by undulations transmitted to them 
through the atmosphere. ‘These undulations are subject to an 
infinite variety of physical conditions, and each variety 1s followed 
by a different sensation. 

2, That the presence of air or other conducting medium is 
indispensable for the production of sound, is proved by the fol- 
lowing experiment. 

Let a small apparatus (fig. 1, p. 186) called an alarum, con- 
sisting of a bell a, which is struck by a hammer 2, moved by 
clockwork, be placed under the receiver of an air-pump, 
the top of which a rod slides, air-tight, the end of the rod being 
connected with a detent which governs the motion of the clock- 
work connected with the hammer. This rod can, by & handle 
placed outside the receiver, be made to disengage the detent, so 
as to make the bell ring whenever it is desired. oa 









be exhausted in the usual 
way. When the air has been 
withdrawn, let the bell be 
made to ring by means of the 
sliding-rod. No sound will 
be heard, although the per- 
cussion of the tongue upon 
the bell, and the vibration of 
the bell itself, are visible. 
Now if a little air be ad- 
mitted into the receiver, a 
faint sound will begin to be 
heard, and this sound will 
become gradually louder in 
proportion as the air is gra- 
dually readmitted. 

In this ease the vibrations 
which directly act upon the 
ear are not those of the air 
contained in the receiver. 
These latter act upon the re- 
ceiver itself and the pump- 
plate, producing in them sympathetic vibration; and those 
vibrations impart vibrations to the external air which are trans- 
mitted to the ear. 

If in the preceding experiment a cushion had not been inter- 
posed between the alarum and the pump-plate, the sound of the 
bell would have been audible, notwithstanding the absence of air 
from the receiver. The vibration in this case would have been 
propagated, first from the bell to the pump-plate and to the bodies 
in contact with it, and thence to the external air. 

8. Since the propagation of undulations through the atmosphere 
is progressive, an interval of time, more or less, must elapse 
between the vibration of the sounding body and the perception of 
the sound by a hearer, and such interval will be proportionate to 
the distance of the hearer from the sounding body, and to the 
velocity with which sound is propagated through the intervening 
medinm. This progressive propagation of sound can be directly 
a 





SONOROUS WAVES. 


Let a series of observers,.a, 3, ¢, D, &e., be placed in a line, at 
distances of about 1000 fouhawunsdon, call abe satel he leanne 
at P, about 1000 feet from the first observer. 
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This observer will see the flash of the pistol about one second 
before he hears the report. The observer » will hear the report 
one second after it has been heard by a, and about two seconds 
after he sees the flash, In the same manner, the third observer 
at c will hear the report one second after it has been heard by the 
observer at n, and two seconds after it has been heard by the ob- 
server at A, and three seconds after he perceives the flash, In 
the same way, the fourth observer at p will hear the report one 
second later than it was heard by the-third observer at c, and 
three seconds later than it was heard by the observer at a, and 
four seconds after he perceives the flash. 

Now it must be observed, that at the moment the report is 
heard by the second observer at 2, it has ceased to be audible 
to the first observer at 4; and when it is heard by the third 
observer at ¢, it has ceased to be heard by the second observer at 
n, and so forth. It follows, therefore, from this, that sound 
passes through the air, not instantaneously, but progressively, and 
at a uniform rate. 

4, As the sensation of sound is produced by the wave of air 
impinging on the tympanum of the ear, exactly as the momentum 
of a wave of the sea would strike the shore, it follows that the 
interval between the production of sound and its sensation, is the 
time which such a wave would take to pass through the air from 
the sounding body to the ear; and since these waves are propa- 
gated through the air in regular succession, one following another 
without overlaying each other, the breadth of a wave may always 
be determined if we take the number of vibrations whieh the 
sounding body makes in a second, and the velocity with which 
the sound passes through the air. If, for example, it be known 
that in a second a musical string makes 500 vibrations, and that 
the sound of this string takes a second to reach the ear of @ person ~ 
at a distance of 1000 feet, there are 500 waves in net gree of 
1000 feet, and consequently each wave measures 4 

The velocity of the sound, therefore, and the rate of vibration, 
are always sufficient data by which the length of a sonorous wave 
can be computed. nada 

5. It has not been ascertained, with any clearness or certainty, 
by what physical distinctions vibrations which produce common 
sounds or noises are distinguished from cuah an tae eee 





VELOCITY OF SOUND. 
been briefly noticed by way of illustration. The most extensive 












ane 
~ tone, in virtue of which they are high or low; by their intensity, 
in yirtue of which they are loud or soft; and by a property ex- 


in the absence of any English equivalent. 

6, The pitch ot tone of a sound is grave or acute. In the 
former case it is low, and in the latter high, in the musical scale. 

The more rapid the vibrations are, the more acute will be the 
sound. A bass note is produced by vibrations much less rapid 
than a note in the treble. 

All vibrations which are performed at the same rate produce 
waves of equal length and sounds of the same pitch. 

7. The intensity of a sound, or its degree of loudness, depends on 
the foree with which the vibrations of the sounding body are made, 

8, The timbre of a sound is not easily explained, and still less 
easily can the physical conditions on which it depends be ascer- 
tained. If we hear the same musical note produced with the 
same degree of loudness in an adjacent room successively upon a 
flute, a clarionet, and a hautboy, we shall, without the least 
hesitation, distinguish the one instrument from the other. Now 
this distinction is made by observing some peculiarity in the notes 
produced, yet the notes shall be the same, and be produced with 
equal loudness, 
9. It is manifest from the absence of all confusion in the effects 
of music, at whatever distance it may be heard, that in the same 
medium all sounds have the same velocity, If the different 
notes simultaneously produced by the various instruments of 
an orchestra moved with different velocities through the air, 
they would be heard by a distant auditor at different moments, 
the consequence of which would be, that a musical performance 
would, to the auditors, save those in immediate proximity 
with the performers, produce the most intolerable confusion 
and cacophony; for different notes produced simultaneously, and 
* which, when heard together, form harmony, would at a distance 

be heard in succession; and sounds produced in succession would 
be heard as if produced together, according to the different velo- 
cities with which each note would pass through the air. 

10. The yelocity of sound varies with the elasticity of the medium 
a it is propagated. Its velocity, therefore, through the air 
vill vary, more or less, with the barometer and thermometer. 
The experimental methods which have been adopted to ascertain 
Pee eslociey of sound are similar in principle to those which have 


pressed in French by the word timbre, which we shall here adopt 





and accurate system of experiments which have been made with 
this object, were those made at Paris by the Board of Longitude 
in the year 1822. The sounding bodies used on this occasion, 
were pieces of artillery charged with from two to three pounds of 
powder, which were placed at Villejuif and Montlhéry. The ex 
periments were made at midnight, in order that the flash n 

be more easily and accurately noticed. They were conducted by 
MM. Prony, Arago, Mathieu, Humboldt, Gay Lussac, and Bouvard. 
The result of these experiments was, that when the barometer was 
at 29°8 inches, and the thermometer at 61°, the velocity of sound 
was 1118-4 feet per second. 

According to the theory of Laplace, the velocity of sound in- 
creases at the rate of 1:11 feet per second for every degree in the 
rise, and decreases at the same rate for each degree in the fall of 
the thermometer. Hence it appears that the velocity of sound at 32° 
is 1086°2 feet per second, For all practical purposes, it is sufficiently 
exact to take 1120 feet as the velocity of sound at 62°, and allow 
thirteen inches for every variation of a degree in temperature. 

11. The production of sound is in many cases attended with the 
evolution of light, as, for example, in fire-arms and explosions 
generally, and in the case of atmospheric electricity. In these 
cases, by noting the interval between the flash and the 
and multiplying the number of seconds in each interval by the 
number of feet per second in the velocity of sound, the distance 
can be ascertained with great precision. Thus, if a flash of lightning 
be seen ten seconds before the thunder which attends it is heard, 
and the atmosphere be in such condition that the velocity of sound 
is 1120 feet per second, it is evident that the distance of the 
cloud in which the electricity is evolved must be 11200 feet. 

12, The same sounding body will produce a louder or lower 
sound, according as the density of the air which surrounds it is 
increased or diminished. In the experiment already ’ 
in which the alarum was placed under an exhausted receiver, the 
sound increased in loudness as more and more air was admitted 
within the receiver. If the alarum had been placed under a 
condenser, and highly compressed air collected round it, the 
sound would be still further increased. ‘ : 

When persons descend to any considerable depth in a diving- 
bell, the atmosphere around them is compressed by the weight of 
the column of water above them, In such circumstances a 
whisper is almost as loud as the common voice in the open air, 
and when one speaks with the ordinary force it produces an effect 
‘so loud as to be painful. ct 

On the itil of lofty mountains, where ae 



































greater exertion, and, as would be 


much. said, louder, in order to 
render themselves audible, When Saussure ascended Mont 
Blane, he found that the report of a pistol was not louder than a 
common cracker. 

13, Violent winds and other atmospheric agitations affect the 
transmission of sound. When a strong wind blows from the 
hearer towards the sounding body, a sound often ceases to be 
heard which would be distinctly audible in a calm. A tranquil 
and frosty atmosphere placed over a smooth and level surface is 
favourable to the transmission of sound. Lieutenant Forster held 
a conversation with a person on the opposite side of the harbour of 
Port Bowen, in the third polar expedition of Sir Edward Parry, 
the distance between the speakers being more than a mile. 

It is said that the sound of the cannon at the battle of Waterloo 
was heard at Dover, and that the cannon in naval engagements 
in the Channel have been heard in the centre of England. 

14. Liquids are also capable of propagating sound. Divers 
ean render themselves audible at the surface of the water; and 
stones or other objects struck together at the bottom produce a 
sound audible at the surface. 

It appears from the experiments of M. Colladon, made at 
Geneva, that sounds are transmitted through water to great 
distances with greater force than through air. A blow struck 
his under the water of the Lake of Geneva was distinctly heard 
. across the whole breadth of the lake, a distance of nine miles. 

Solid bodies, such as walls or buildings interposed between the 
sounding body and the hearer, diminish the loudness of the 
a sound, but do not obstruct it when the sound is made in air; but 
oa it appears from the experiments of M. Colladon, that the inter- 

position of such obstacles almost destroys the transmission of 
sound in water, 

15. Solids which possess elasticity have likewise the power of 
Propagating sound. If the end of a beam composed of any solid 
possessing elasticity be lightly scratched or rubbed, the sound will 
be distinct to an ear placed at the other end, although the same 
sound would not be audible to the ear of the person who produces 
it, and who is contiguous to the place of its origin. 

_ The earth itself conducts sound, so as to render it sensible to 
the ear when the air fails to do so, It is well known, that the 
- approach of a troop of horse can be heard at a distance by putting 
ear to the ground, In voleanic countries, it is said that the 

ling noise which is usually the prognostic of an eruption is 
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first heard by the beasts of the field, because their ears are gene-— 
rally near the ground, and they then by their agitation and 
alarm give warning to the inhabitants of the approaching cata-— 
strophe. Savage tribes practise this method of ascertaining the 
approach of persons from a great distance. 

16. The velocity with which sound is transmitted through the 
air varies with its elasticity ; and where different strata are ren- 
dered differently elastic by the unequal radiation of heat, the 
agency of electricity, or other causes, the transmission of sound 
will be irregular. In passing from stratum to stratum differing 
in elasticity, the speed with which sound is propagated is not 
only varied, but the force of the intensity of the undulations is 
diminished by the combined effects of reflection and interference, 
so that the sound, on reaching the ear, after passing through 
such varying media, is often very much diminished. 

The fact, that distant sounds are more distinctly heard by night 
than by day, may be in part accounted for by this circumstance, 
the strata of the atmosphere being during the day exposed to 
vicissitudes of temperature more varying than during the night. 

17. The solids composing the body of an animal are eapable of 
transmitting the sonorous undulations to the organ of hearing, 
even though the air surrounding that organ be excluded from 
communicating with the origin of the sound. 

Chladni showed that two persons stopping their ears could 
conyerse with each other by holding the same stick between their 
teeth, or by resting their teeth upon the same solid. The same 
effect was produced when the stick was pressed against the breast 
or the throat, and other parts of the body. 

If a person speak, directing his mouth into a vessel composed 
of any vibratory substance, such as glass or porcelain, the other 
stopping his ears, and touching such vessel with a stick held 
between his teeth, he will hear the words spoken. : 

‘The same effect will take place with vessels composed of metal 
or wood. 

If two persons hold between their teeth the same thread, s 
ping their ears, they will hear each other speak, provided 
thread be stretched tight. 

18. Of the various forms of apparatus which have been con- 
trived for the production of musical sounds, with a view to the 
experimental illustration of their theory, that which is best 
adapted for this purpose, called a monochord or sonometer 
(fig. 2) consists of a string of catgut or wire attached to a 
fixed point, carried over a pulley, and stretched by a known 

weight. Under the string is a hollow box or sounding- 
board, to the frame of which the pulley is attached. The 
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and the other can 
fro, so as to vary at — 


A divided scale is placed under them, so that the length of the 

vibrating part of the string may be regulated at pleasure. By 
_ varying the weight, the tension of the string may be increased or 
diminished in any desired proportion. This may be accomplished 
with facility by circular weights which are provided for the pur- 
pose, and which may be slipped upon the stem of the weight. 
By means of this apparatus, the relation between the various 
notes of the musical scale and the rate of vibration by which they 
are vely produced have been ascertained. 
19. rate of vibration of a string such as that of the mono- 
chord is inversely as its length, other things being the same. 
Thus, if its length be halved, its rate of vibration is doubled ; if 
its length be diminished or increased in a threefold proportion, 
its rate of vibration will be increased or diminished in the same 
proportion ; and so forth. 

Let the bridges be placed at a distance from each other as 
great as the apparatus admits, and let the weight which stretches 
the string be so adjusted, that the note produced by vibrating the 
string shall correspond with any proposed note of the musical 


seale; such, for example, as G——, the low c of the treble clef. 


This being done, let the movable bridge be moved towards the 
fixed bridge, continually sounding the string until it produces the 
octave above the note first sounded, that is, until it produces the 


middle c = of the treble. 


Tf the length of the string be now ascertained by reference to 
the seale of the monochord, it will be found to be precisely one- 
half its original length 

20. Hence it follows, that the same string will sound an octave 
higher if the length is halved. But the rate of vibration will be 
doubled when the length of the string is halved, Hence it 
follows, that two sounds, one of which is an octaye higher than 


fi _ the other, will be produced by vibrations, the rate of which will 


be in the proportion of 2 to 1; and, consequently, the length of 
the undulation producing the lower note will be double that of 
the higher note, 
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